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PREFACE. 

The aim of this little work is almost purely morpho- 
logical ; physiological details are only occasionally 
introduced. The two first chapters are translated, 
with additions, the more important of which are in- 
dicated by square brackets [ ], from Dr. G. Winter's 
edition of " Die Pilze," in Rabenhorst's " Kryptoga- 
men-Flora," by kind permission of the author. With 
a view to increase its usefulness, I have added to the 
few figures there given a considerable number drawn 
from various sources, in many cases from the original 
authorities, and a few of my own. I must acknow- 
ledge my indebtedness, for help of various kinds, to 
Dr. Winter, and also to Dr. John Anthony, of Bir- 
mingham, and Mr. James Britten ; and, in addition, 
to the " Summary of Current Researches," in the 
Journal of the Royal Microscopical Society ^ as a guide 
to the literature of the subject. 

W. B. GROVE. 

Birmingham, 

May ist^ 1884. . 
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JPSIS OF THE BACTERIA 
AND YEAST FUNGI. 



CHAPTER I. 



T/ie Schizomycetes, or "splitting-fun^ {Spaltpilze), are 
unicellular plants, which multiply by repeated subdivision in 
one, two, or three dimensions of space, and also frequently 
reproduce themselves by spores, whiek are formed endogenously. 
They live, either isolated or combined in various ways, in 
fluids and in living or dead organisms, in which they produce 
decompositions and fermentations, but never alcoholic fermen- 

The Schizomycetes are one of the most difficult and 
least-known classes of FungL In the first place, it is doubt- 
ful whether they are to be reckoned among the Fungi or not 
Cohn unites them with the Phycochromacea;, which are 
usually considered to be Alg^, and includes both groups 
under the name of Schizophytje. I cannot agree to this 
union. With respect to morphoiogical relations, indeed, the 
Schizomycetes are in many ways exceedingly like the 
PhycochromacsK ; but their physiological relations are quite 
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different The latter live, like all AlgE, in pure water, which 
contains comparatively little organic matter ; or they are 
found on dripping rocks, on damp ground, etc. ; they 
produce no striking decompositions in the water which they 
inhabit, and they soon perish in a putrefying liquid. 

It is quite otherwise with the Schizomycetes, which, on 
account of their want of chlorophyll, are reduced lo live on 
ready-organized substances, as are Fungi generally. The 
Schizomycetes, therefore, produce in their substratum, or in 
the fluid which they inhabit, very considerable and striking 
decompositions. They perish in pure water, containing no 
decomposable substance. They grow, therefore, exclusively 
in oi^anic liquids, or in water or on damp spots where there 
is an abundance of organized matter. 

Though wc are thus certainly justified in separating the 
Schizomycetes from the Phycochromaceje, i.e. Irom the 
Algte, it still remains to be decided how they are to be 
limited from the animal kingdom. In fact, the Schizomycetes 
stand at that stage in the evolution of organic beings at 
which it is not possible lo draw a sharp line of demarcation 
between the two kingdoms. Their kinship with the mouth- 
less monads has often been remarked, and one is inclined 
more and more to unite the latter with them. I restrict 
myself to indicating this point, while provisionally I still 
exclude these forms from the Schizomycetes ; they require 
much further and exhaustive study. Unfortunately this ia 
true in a high degree of the Schizomycetes themselves ; both 
the morphological and systematic as well as the physiological 
relations of this group of Fungi are still very insufficiently 
investigated. Doubts and uncertainties of many kinds have 
still to be removed. 

Among the forms which are included among the Schizo- 
mycetes in the following pages, are many which have 



I 

ne scnizo- ^h 
liave often ^| 



Sckisomycetes. 3 

hitherto been described as Algje, but which, on account of 
their want of chlorophyll, and their decomposing power, must 
be reckoned among the Fungi. 

The Fungi here treated of are the smallest with which 
we are acquainted. The form of the cells is various — round, 
ovate, elliptic, cylindrical, etc They live isolated, singly or 
in larger or smaller swarms, or in many cases united in pairs, 
or many together in threads or groups. Many forms are 
always motionless ; others, on the contrary, show a more or 
less active spontaneous movement, whicli is frequently 
effected by iiagella. In this case the cells swim about 
swiftly, rotating round their longitudinal axis. In other 
cases the movement is an oscillating one or the threads 
alternately bend and straighten themselves, eta 

But even the motile forms for the most part possess 
certain stages in which they are motionless. In this case, 
usually, countless aggregated cells excrete a gelatinous or 
slimy mass, which either presents a sharply bounded, 
variously shaped contour — round, sac-like, ragged, or even 
branching — or else is without definite outline. Such a 
gelatinous colony is designated a zooglxa ; it is a restlng- 
stage, which often precedes the formation of spores, and 
often also occurs in typically motionless forms. 

The formation of spores is known in many Schizomycetes ; 
it has been most accurately observed in Bacillus subtilis, in 
which 1 will briefly describe it. The cells of the genus 
Bacillus are short cylindrical rods, which increase by repeated 
transverse division, and have a flagellum at each end, by the 
active vibration of which the rod is moved. In spore-form- 
ation the greater part of the contents collects at one point 
of the rod, which often projects as a swelling, and is sharply 
marked off from the other empty part of the cell. After- 
wards this strongly refringent, dark-looking body (the spore) 
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disarticulates itself from the barren part of the cell, which 
then perishes, and the mature spore remains behind. These 
spores possess the power of enduring adverse influences of 
various kinds without injury to their vitality. They can 
remain a long time in the ground, and then years after 
proceed with their development ; they can also germinate 
at once. At germination the spore first loses its brilliancy, 
and swells up somewhat ; then the membrane of the spore 
bursts in the middle. The inner part of the spore projects 
through the opening, and grows to a new rod, the base of 
which is sheathed by the split membrane, which is often not 
thrown off for some time. 

When we attempt to define the genera and species of 
the Schizomycetes, as we are wont to do with other 
plants, we encounter great difficulties, which must first be 
shortly mentioned The question is — What, in these Fungi, 
is to be considered a genus and a species ? 

That there exist a number of different genera, 
groups of distinct forms, in the Schizomycetes, is almost 
universally admitted But there are two opposed views con- 
cerning the limitation of these genera. Naegeli recognises 
only a few very variable groups of forms, while Cohn 
estabhshes a whole series of genera, which he sharply 
distinguishes, and which he divides into numerous sfiecies. 
To me it seems very probable that several really distinct 
and constant genera exist, e.g. Micrococcus (in an extended 
sense). Bacillus, Spirillum, and Sarcina; while others of Cohn's 
genera are only stages of development. I should decidedly 
allow that the number of species is far smaller than one 
would judge from Cohn's classification. For many of these 
species are very probably only forms which have been 
differentiated by the influence of various external agencies, 
and have become more or less constant 
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Sckisomyceies. 5 

It is in part quite impossible, especially in the genera 
MicroccKcus and Bacterium, to indicate morphological 
distinctions between the species. We are in these cases 
confined exclusively to physiological distinctions ; we employ 
differences in chemical action for the limitation of species. 
The Schisomycetes, as has been already stated, excite 
peculiar decompositions in their substratum ; they transform 
complicated chemical combinations into simpler ones. This 
chemical action consists (i) in the production and excretion 
of colouring matters ; (2) in the exciting of various fermen- 
tations ; and (3) in the decomposition of the humours of 
animal and human bodies, whereby diseases arise. We 
distinguishjtherefore, (i)chromogenous, (2) zymogenous, and 
(3} pathogenous species respectively. 

But especially in relation to those forms which belong 
to the two last subdivisions does the greatest uncertainty 
reiga Nay, in regard to the pathogenous Schizomycetes 
such untrustworthy, even foolish, assertions and so-called 
observations have been published, that only the greatest 
foresight can guard against errors.* 

There is left, therefore, especially for the systematist, 
nothing but to accept Cohn's conscientious researches, 
provisionally to adopt his classification and nomenclature as 
the only one which is founded upon botanical principles, and 
to add to it only what has been discovered by trustworthy 
investigations. The nonsense which Hallier and Co. have 
tried to introduce into the scieoce naturally remains un- 
regarded. 

* Thi9 [irises chiefly from the fact that many medical men, who have 
tried to investigate these thiogs, have been totally unskilled in the use 
of the microscope, at any rale with high powers, and have ofteo also 
been untrained in the methods of observation. An emineot physician of 
the United States, Dr. Schtnidt, solemnly asserted that the Bacillus 
(uberculasis of Koch wtis only a (kt-crystal !— Tr, 
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■ Cells lound or ovate ... ..< 

Cells cy lied rical ... ... 

Cells lanceolate, flat, spirally twisted 

. Cells isolated or imited in ctiains c 



Sfir,mm^ 

formless gelatinous 
mosses ... ... ... ... ... MicnxBccus 

Cells united in considerable numbers in colonies of definite outline 3 

3. Colonies hollow, with a simple peripheral cell-layer,.. Cohnia 
Colonies solid, with cells throughout their stibstance ... 4 

4. Cells united in a small but definite number in regular 

families ... ... ... ... ... Sarcina 

Cells united in a large and indefinite number in irregular 

colonies ... ... ... ... ... Aicaeoeeut 

[Cells in chains, each chain surrounded by a gelatinous 

sheath ... ... ... ... ... Leucimesioe^ 

5. Cells shortly cylindrical, single, or loosely combined in twos 

or a few t<^ether ... ... ... ... Bacteriuvi 

Cells long, cylindrical, united in threads ... ... ... 6 

6. Threads isolated or felted tc^ther ... ... ... 7 

Threads enclosed in roundish gelatinous masses 

7. Threads unbcanched ... ... ... ... 

Threads with evident branching ... 

S. Threads straight, or nearly so ... ... 

Threads spirally wound or bent ... 
9. Threads conspicuously articulated, rather short 

Threads mostly not conspicuously articulateti, long 

10. Threads very slender ... .,. ... ... 

Threads thicker 

11. Threads short, with few spirals, or simply bent, rigid 
Threads longer, with numerous spirals, flexile ... 



Myamostx 
... S 

Cladothrix 



BaeiUtu 

Lcpfalkrix 
Beggialoa 
Spirillum 

Spirechitla 

I. MICROCOCCUS, Cohn ("Beicrage zur Biologic." 
i. p. IS'.) 

Cells colourless or of a pale tint, round or cval-elliptie, 
motionless, dividing in one direction only. The daughter- 
cells either soon separate from one another, or remain united 
in a chain of two or more, or form a zooglcea. Fonuatioa 
of the spores not certainty known. 
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Micrococcus. 7 

What 1 have said above of the distinctions of the species is especially 

,e of this genus. The accepted species of Micrococcus show very 

little or no difference in form and size, and there remains only chemical 

IS of separating the species, which is therefore treated 



A. — ^Cheomogenous Species. 



Mimewhal fully. 

II. M. prodigioaua, Cohn (Ic, p. 153). 
Mottas prodigiosa, Ehrenberg. 
Palmellafrodigiosa,M.oRt.; Cooke, 
water AlgK," p. 12. 
Zoogalactina melropha, Sette. 
BacUridium prodigwsum, Schroter. 
Cells round or oval, colour- 'i^ _, 
less, about '5-1 ,11* in diameter; .• ■' 

forming at first rose-red, then 
blood-red, at last pallid gela- 
tinous masses. (Fig. i.) 

On nitrogenous substances, 
e.g. on boiled potatoes, meat, 
wheat-bread, white of egg, starch- 
paste, etc. 



<*■ 
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Cohn, X 



B{f,on, 



vf fircdigiotui. 



M. prodigiosus is that onanism which produces the long-known 
peculiar appearance, formerly designated "hlood-rain," on bread, on 
ihc "host," etc. It forms at first little rose-red points and heaps, 
which by d^rees increase to rounded bright-red spots, nod afterwards 
become conlluent into widespread, even dripping, blood-red patches. 
These consist of a red-tinted mucous mass, in which thousands of 
millions of Micrococcus cells are embedded. These cells are them- 
selves colourless, but they secrete the red colouring matter in the 
mucus. This colouring matter is very similar to fuchsjn in its physical 
and chemical relations. It is not soluble in water, but completely so 
in alcohol ; the solution, evaporated and again dissolved, is orange- 
red ; the colour is changed by acids into a bright carmine, by alkalies 
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into yellow. In the spectroscope it shows, among others, a chaincler- 
islic broad absorption band in the green. ' | 

Palmdla mirifica, Rabenhocst, can scarcely be anything different. 
(See Journal of tkt Royal Microscopical Society, 1882, p. 655.) 

2. M. luteas, Cohn {I.e., p. 153). 
Bacferidium luleitm, Schroter. 

Cells elliptic, somewhat larger than in M. prodigsosus, 
with highly refractive cell-contents ; forming, on a solid sub- 
stratum, clear yellow drops, which at first are as large as 
a poppy-seed, and afterwards as a half-peppercorn ; at last 
drying up to fiat shield-shaped umbilicate discs. On nutrient 
fluids this species forms a thick yellow slcin, which becomes 
plaited when luxuriantly developed. 

Od boiled potatoes, etc. 

Colouring matter insoluble in water, uocbatiged by sulphuric acid 
and alkalies. 

3. M. aiirantiocTiB, Cohn {Lc, p. 154). 
Bacieridiuni auraniiacum, Schroter. 

Cells oval, about 1 '5 /* long ; on a solid substratum in 
orange-coloured drops and spots, which at last coalesce j 
into equal-sized patches. On nutrient solutions it forms a \ 

I golden-yellow skin. 
On boiled potatoes and eggs. 
Colouring malter soluble in water. 



. M. fulTUB, Cohn {Lc, p. 181). 
Cells round, about 1-5 /* in diameter; at first forming 
rusty conical tolerably firm drops of J mm. 
in thickness, which increase and finally pro- 
duce extended gelatinous masses. {Fig. 2.) 
On horse-dung. 

5. M, chlorlnuB, Cohn (/.<:., p. 155). 
Cells round (?), formii^ yellowish-green or i 
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Micrococcus. 9 

sap-green mucous masses, or in fluids sap-green layers, 
which by degrees colour the whole fluid yellow-green. 
On boiled eggs. 
The cdlouring matter [e soluble in water; it is not reddened by 

6. M. cyaneus, Cohn {l.c., p. 156). 
Bacteridium tyaneum, Schriiter, 

Cells elliptic ; producing on slices of potato an intense 
blue, which penetrates also into the interior, or even to the 
opposite side of the slice. In fluids it forms a zooglcea, 
which at first is colourless, then bluish-green, and at last 
intense blue. 

On boiled potatoes. 

The colouring matter is soluble in watei ; the solution is at first 
vetdigris-green, but afterwards usually becomes clear blue. It is 
coloured iotense carmine by adds, and then by alkulies blue or sap-green 
respectively. In the spectroscope it shows no absorption bands, but 
only 3. darkening of the less refractive half. 

7. M. violaceus, Cohn {i.e., p. 157). 
Batteriiium violaceum, Schriiter. 

Cells elliptic, larger than those of M. prodigiosus ; 
lurring in bright violet-coloured gelatinous drops, which 
nite to form larger spots, reaching 6 mm. in diameter. 
On boiled potatoes. 

E. — Zymogenous Species. 

8. M. tirese, Cohn {/.c, p. 158). 

Celts round or oval, i'25-2 p. in diameter ; isolated or 
■^concatenate or forming a zooglcea on the surface of the 
{fluid. (Fig. 4*-) 
In mine. 

is the ferment of ammDaia fermentation. IflVesh urine is 
.0 stand exposed at a sufficient temperature (30° C.], it loses its 
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acid reaclioQ after a few days, becomes neutral, and f Dally alkaliO' 
while the phcnomenaoffenncntalionareobsetved. Theureadisappears 
and is changed into carbonate of ammonia, while at the same time 
alkaline urales and phosphate of ammonia and magnesia are eliminated. 
This decomposition takes place only when the Micrococcus is developed 
in the fluid. 



9. M, Crepneculuiu (Ehrenberg), Cohn {i.e., p. 160). 

Monas Crepusatlum, Ehrenberg. 
'^/.''. Cells round or shortly oval, very small, 

'i/^r' scarcely z ^ in diameter ; isolated or forming | 
Fig. 3.— Micro- a zooglcea. (Fig- 3) 
«^ Tafter I" ^'"^ °" vatious infasions and putrefying 

Ehieaberi). fluids. 

The common form of Micrococcus, which appears in all sorti of J 
decaying substances and in iikfusions, in company with Baeieriwit \ 
Terme. 

10. M. candiduB, Cohn (J.c., p. 160). 
On boiled potato-slices, forming snow-white points and I 

spots. 

[r I. M. amylivoruB, BurriU (Ameman Nnluralist, xvii., 
1883, p. 319). 

Cells oval, single or united in pairs, rarely in fours, never 
in elongated chains, embedded in an abundant mucilage 
which is very soluble in water, i-i 4 ^ long, 7 /n broad ; 
width of a pair z fi, of four united about 3 /i ; movements 
oscillatory. 

In the tissues of plants, causing the so-called "fire-blight 
of the pear tree, and similar phenomena in other plants. 

Through t]ie action of this organism, the stored starch is destroyed, 
by fermentation, and carbooic acid, butyric acid, and hydrogen are 
given ofl'. It may be cultivated in pure starch, in water maintained at 
the temperatorc of ordinary summer weather,] 
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C. — Pathogenous Species. 
Cohn (/.c, p. i6i). 




Fig. 4,— o. Mi 



MicTosphara 

Cells round, "S- 

7S /t in diameter; 

isolated or united in 

chains and heaps of 

forming a zooglce 
(Fig. 43.) 

In fresh lymph from cow or human pocks, as also in 
the pustules of true small-pox. 

According I0 tnanj' uodoubted investigations, M. vacdna must be 
rtgardcd as the active element of vaccine lymph j it is hy its means that 
the infectious principle is conveyed in eases of small-pox. By filtering 
the lymph, the solid constituents can be separated from the fluid ; on 
using the tatter for inoculation, no effect is produced, while inoculation 
by the former regulajiy excites the production of pocks. Moreover, that 
the Micrococci, and not, as migbl be su^ested, the lymph-cells, are the 
effective constituents of the solid residaum, follows &om the fact that 
lymph which has been eiposed to the air for some time grows gradually 
less effective. For it begins to putrefy, and, as the process of decay 
advances, the Micrococci disappear more and more, under the influence 
of the putrefactive Bacteria. 

13. M. diphtheriticns, Cohn {l.c., p. 1625. 

Cells oval, -3,-1 /i long ; single or concatenate, or forming 
bundles and colonies of various shapes. 

On the so-called diphtheritic membranes, which are found 
especially on the mucous surfaces of the throat, the pharynx, 
the air-passages, etc., but also appear on those of the sexual 
and digestive organs, as well as on wounds, etc 

This Schiiomycete is of estraordioarily great paiho!(^cal importance. 

W the disease spreads itself, from the centre of its tirst introduction, 

h the lymphatic vessels and the tissue which surrounds them. 
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■3 the 



:, the kidneys, and the n 



cnlarli 






at last reaches even the blood-vessels, where it produces the gieatesl 
destruction. The fungi stop Dp the capillaries and thereby rupture them. 
Even the thinner bones and eartilsge are destroyed by the diphtheritic 
processes. The consequences of the introduction of these fungi are 
therefore e 



14. M. septicua (Klebs), Cohn {I.e., p. 164). 
Microsporon scpticum, Klebs. 

Cells roundish, -5 p. in diameter; united in chains or 
heaps, or forming a zooglcea. 

On wounds, especially in all the affections which are 
named pyiemia and septicemia. 

In the various suppurations and putrefactions of the body, in 
decomposition and poisoning of the blood, the Micrococci play an 
important part. Whether all the manifold phenomena are caused by 
M. scflicuii or several species are not rather concerned in Iheir pro- 
duction, is questionable. In wounds, even in the secretion from the 
fresh surfaces, we find Microecscci, which quickly mulliply, produce 
inflammation and fever, and penetrate deeper and deeper, destroying the 
tissues in their course. If then they reach the blood-vessels, there arise 
stoppages and suppurotiom ; the some phenomena are observed in the 
lungs and the liver. 

S- M. bombyois (B^champ), Cohn {i.e., p. 165). 
Mkrozyma bombycis, Bdchamp. 

o uQ"" Cells oval, ^s /* in diameter ; 

' In the gastric juice and in- 
testines of silkworms, in which 

g they produce the so-called 

" "schlafTsucht" (in French "la 

jd^ flacberie," one of the silkworm 

^gou"^'"'™" diseases), a contagious affec- 

■CHi hsmhycis. from tion, of which the animals die 

ooralmng worm y^ ^ short time. 
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[16. M. inBectomm, Burrill {l.c., p. 319). 

Cells obtusely oval, isolated or in pairs, rarely in chains, 
'7-1 ^ (usually '8 ^) long, '55 /* broad; movements oscU- 
latory only ; forming a zooglcea (?). 

In the digestive organs of the chinch-bug (Blissus 
leucopUrtts). 

These insects somElimes die off in great numhCTS during apparently 
fiivoiirable weather in summer, wilh every appearance of a coQUgious 
disease, and it is probable that this Micrococcos is the cause of the 
disease. It may be cultivated in meat broth.] 

[17. M. gallicidns, Burrill {I.e., p. 320). 

Cells globular, single or in pairs, 'J— 72 ft in diameter; 
movements oscillatory only. 

In the blood of the domestic fowl affected with " chicken- 
cholera ; " often described, but apparently never named 
before.] 

[18. M. BUis, Burrill {I.e., p. 320). 
Bacillus suis, Detmers. 

Cells globular, or elongated and more or less contracted 
in the middle, single or in pairs, rarely in chains, '7— '8 fi. in 
diameter. 

In the blood and other fluids of pigs affected with 
" swine-plague " or "hog-cho!era."] 

Besides the diseases mentioned, it is probable that many 
others, e.g. cholera, measles, scarlet fever, typhus, syphilis, 
etc, are caused by Schizomyceto us fungi. But no trust- 
worthy observations are yet published concerning them. {See 
Appendix C.) 

[An enormous number of other Micrococci have been 
described by Eberth, Chalvet, Hallier, etc, but for the 
lOBt pari without names and without precision, (See also 
ferium. Chapter IV., in/ra.)'\ 
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D. — Doubtful Species. 
19. M. griseaa (Wanning). 

Bacterium griseum, Warming ("Om nogle ved 
Danmarks Kyster levende Bakterier," p. zg of ' 
the Resum^). 
I Cells almost round or ovate, colourless, 2'5— 4 

fi ^% y^ long (in the act of division, 6-7 /< long), 1 '8— 
« •* 2-5^ thick. (Fig. 6.) 
- I In infusions of fresh and sea water. 

• • Since, according la Warming, this form occurs only in 

Fif. 6.—SH- a motionless state (and then forming no zao^rxs), and I 

""^"""x since the ccII-form answers better to that of the ge 

(6i> (arur Micrococcus than to that of Bacterium, I have placed I 

Wuming]. it in (be former. 



20. M. ovatuB (Lebert). 

Panhistophyton ovalum, Lebert. 
Nosema bombycis, NiLgelL 
Cells oval, about twice as long as broad, rounded I 
at both ends, about 4-5, rarely 6 /i long, 2-3 (usually 
j-j ^ broad); isolated or united in pairs or little heaps. 
(Fig- ^■) I 

In various organs of silkworms, their pups, and imagos. 

It Is questionable whether the described cells belong to a Schiiomycrte. 
They were first discovered by Coraalia at Milan, and namcii corpuMules 
("coqioscoli"); according to him they are found also, although spsringljr 
Bod more by chance, in the blood of healthy silkworms. Afterwards, 
these corpuscules ('* corpusculcs de Coraalia") were recognised as the j 
csuse of an epidemic disease of silkworms, called " gattine," or 
■Vbrine," 

Since the celts in their form and motionlessness agree very well with 
Micrococcus, I have ranged them here. 



Ascococcus. 



IS 



[zi. M. toxicatus, Burrill (i.e., p. 319). 

Cells globular, single or in pairs, rarely in chains, 's (i. 
in diameter ; movements oscillatory only. 

In species of Rhus (Sumach), believed to be the 
peculiar " poison " for which these plants are noted. 

Transfeired lo the human skin, they multiply rapidly, penetrate 
the epidermis through the sweat-glands (?), and set up the well-known 
1 1 .imfiammation. ] 



■ 11. ASCOCOCCUS, Cohn ("Beitrage," L p. 154). 

Cells colourless, very small, round, united in enormous 
quantity into larger or smaller, globular or irregular /««/)'//«. 
Families often folded, the folds again crimped, surrounded 
by a firm, cartilagino-mwous capstde of a rounded form. 

The value of Cohn's genns Ascococcus is, in xnj opinion, just as 

questionable as that of the similarly named one of Billroth ; it is besides 

cjonbtful whether or not they are identical. Possibly Ascococcus is only 

Burtage in the development of Mici 



■ 22. A. Billrothii, Cohn (I.e., p. 124). 
Families lump-like, ao-i 60 /a in diameter, 
surrotanded by a capsule as much as 15 /* 
thick, covering the surface of the fluid in 
a thick floccose layer. {Fig. 7.) 

Forming a membrane on a soSution of 
acid tartrate of ammonia. 

The colonies consist of a well-defined cartilagino- 

mucous colourless envelope, in which either only " -'' 

one or several families are enclosed. The families •''e- T.—Atceaccut 
are of very varied size and form, solid, composed r\\b tiL ^ 
of numerous extremely minute round cells. The Teaiiag supiulc. 
Fungus produces in its nutrient fluid a peculiar 
decomposition ; it generates out of the ammonic tartrate contained 
therein butyric acid and butyric ether, and changes the originally acid 
an alkaline one, while free ammonia is evolved. The liquid 
il Iben the characteristic smell of milk 01 cheese. 
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III. LEUCONOSTOCjVan Tieghem {Ann. Sci. Nat., 

[Cells colourless, very minute, globose ; untied in flenuose I 
and intertwined chains, which are enclosed in thick, lobed, 
gelatinous sheaths. Sheaths aggregated into subglobose, 
brain-like clusters, which present a pseud o-parenchym at ous , 
internal structure. Spores isolated in the chains, globose, ■ 
terminal or intercalary. 

This genus is distinguished from Ascococcns, in addition lo 
spoies, by the fact that the fsmilies are not solid, each choplcl of cells I 
being separated from its neighbours by a thick layer of gelatine- 
analogy lo Nosloc is remarkable, the main diiTereuce being the wan 
chlorophyll. In fact, it bears the same resemblance to that genus that I 
Cohnia does to Clathrocystis.] 

[33. L. mesenterioldeB (Cienkowski), Van Tieghei 
Aseococcus mesenterioides, Cienkowski. 

Families collected in I 
large masses, which may I 
measure i— li inch across I 
or more, polygonal by J 
mutual pressure. Cells in 
long intertwined chains, 
co!ourless,spherical,'8— 1'2 
(L in diameter; each chain 
surrounded by a thick ■ 
gelatinous sheath. Spores | 
spherical, with a thick | 
membrane, i^S-a /t in dia- 
meter. (Fig. 8.) 

On beet-root sugar, | 

puei>ch)waIou> strucIUH!. und tKc initr- ^^^ t]jg jacks, VCSSelS, \ 
and iu dcvslotnaeDl (aflcr Vao TieEhcm). etC, employed m the \ 




Cohnia, 



17 



hianufacture ; can also be cultivated on macerations of 
dates and carrots, and in the juice of the same, and of beet, 
and has occurred spontaneously in the sap of turnips and 
in molasses. 

This, the "gomme de sncrerie " of the French, " frosehlaich, " 
□r fc<^-spawn, of the German sugar manufactureis, causes a gieal loss 
when it is allowed to take hold. It forms large whitish gelatinous 
masses, which grow very rapidly ; the gelatine is elastic, almost car- 
tilaginous, and insoluble in water. It renders acid the originally 
neatral liquid in which it develops. When a spore germinates, the 
middle layer of the cell-wall swells up, the spore proper elongates, and 
divides into two, which separate, and repeal the process. When the 
development has ceased, certain of the cocci increase in size, thicken 
their cell-wall, and become changed into spores. — Tr,] 

^^L IV. COHKIA, Winter. Claikrocyslis (Henfrey), Cohn 

^^^1 {fo parte). 

^^r Cells roundish, in a simple peripheral layer surrounded 
by a common gelatine, _^^«(n^ hollow, round or afterwards 
irregular bladders or vesicles, which finally are reticulately 
pierced. Multiplication of the cells by repeated bipartttion ; 
of the families by the protuberance and separation of 
daughter-fam ilies. 

As I comprehend it, Cohn's genus, Clathrocystis, embraces both 
Algx and Fungi. Since, then, the generic name was first used for an 
Alga {CI. aruginosa, Henfrey), it is advisable to leave it for that 
species, and to make the species which belongs to the Fnngi the type 
of a new genus, to which I have given the name of Cohnia, in honoai 
of Professor Dr, F. Cohn, of Brcslau, who has gained so much dis- 
tinction in the investigation of the Schiiomycetes. 

14. C. roseo-perBldua (Kutzing). 

IFrotococcus roseo-persieinvs, Kutzing. 
Fleurococcus r.-p., Rabenhorst ; Cooke, "British 
Freshwater Algae," p. 6. 
Microhaloa rosea, Kiitzing. 
Bacterium rubescens, Lankester, /./. {Quart. Jour. 
; 
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il/i^r. 6<-(', xiiL 4o8,pl. 22-3; xv. zo6 ; and xvi, J 

27. pl- 3)- 

Claihrocystis roseo-persicina, Cohn. 

[Afoms/rema rosea, Currey.] 

[Be^aloa roseo-persicina, Zopf {pro parte) ^ 

Cells round, ova!, or, by mutual pressure, polygonat, J 

varying from rose to purple-red, reaching 2^ (t in diameter, j 

They form at first small solid families, in which the single j 

cells are bound together by gelatine, while the whole family I 

is surrounded in addition by a gelatinous envelope. Later, f 

the families become larger, globular or ovoid, and finally I 

irregular bodies, which are hollow and filled with a watery | 

fluid, and reach a diameter of 660 /* {= g mm. or 3'j inch). ' 

In these the cells form a simple peripheral layer. These 1 

vesicles are often torn or perforated ; in the end they pre- ] 

sent an elegant network, which finally breaks up into I 

irregular rags and tatters. (Fig. 9.) 

In marshes, floating on the surface or amongst Algie.l 
and Lemna ; often also in a room, in water in which Algs^ J 
etc., are decaying. 

The single hitherto known species of this genus is distinguiEbed b 
ils red colourinE mnller, whi-ch is essentially different from that e 
Mkraeoiais predigiosui, 3.T1A ie designated " bacterio-purpurin." It il 
insoluble in water, alcohol, etc, is changed by hot alcohol into a brown 
substance, and Is moreover characterised by ils optical behaviour. For 
in the spectroscope it shows strong absoqition in the yellow, less in the 
green and blue, as well as a darkening in the more refrangible half of 
the spectrum.* Each individual cell is surrounded by a dense, almost 
cartilaginous membrane ; its contents are at Brst homogeneous, but as 
it grows older one or more dark granules f can be observed in it, which 
are nothing else but pure eliminated sulphur. 

[By thekindnessoCMr. J. Levicli, then President of the BirminghaBt I 



■ For the spectrum, 

t The granules are 

of other auOiors. ^Tk. 



c Quarl. Jbur. After. Sa'., niii. 435.— T«. 
e "loculi " of Lankester, and the "spores" 
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Natural History Society, I hare been favoured with specimens < 
supposed Alga from his famous gnrden pond (the home of so many 
rarities), nhich I at once recogaized to be this species. It occurred in 
great quantity, floating freely in the water when young, but sinking 
among the dJbrii at the bottom when old and tattered ; ils beautiful 
peach colour renders it very striking among the green Algx with which 
it is frequently entangled. It was accompanied by Manas Okeniit 
Ehrenberg, which appears to be identical with Chromaliam Wiissii, 
Perty ; but I could not find any other of the so-called forms of Bx- 
ttrium rubacens, described by Lankester as occurring in company 
with it.— Tr.] 



V. SARCINA, Goodsir {extended). 

Cells roundish, dividing in two or three dimensions of space. 
Daughter-cells conneCtsA for some lime, forming small solid 
families or plates, which are often again in their turn united 
to form larger colonies. Families usually consisting of four 
or a multiple of four cells. 

25. 8. ventrioull, Goodsir (Edin. Med. and Surg. 

Journal, 1842, p. 430). 
Merismopedia Goodsir it, Husem, 
M. venlriculi, Robin. 
Cells rountlish, united in groups of four, eight, sixteen, 
or a few more, flattened at the points of contact, forming 
little cubes which are 
rounded off at the comers. 
Individual cells reaching 
4 ^ in diameter; colonies 
constricted at the parti- 
tion walls of the cells, 
united in their tura to 
form larger masses. Cell- 
contents greenish, yellowish to reddish-brown, not con- 
spicuously refringent. (Fig. lo.) 




I 
I 



con- H 



I 



Sarcina. 2 1 

In the stomach of healthy and diseased persons, and 
the higher animals ; also occurring in other parts of the 
body, and according to Dr, Ferrier in the blood {Quart. 
^Jour. Micr. Sci., xiil 163). 



I 26. S. urinse, Welcker. 

Merismopedia urina, Rabenhorst 
Cells verj- small, \t jt in diameter, united in families 
of from 8 to 64; eight-celled families 2'3 jt, 64-celled 4's fi. 
diaineter. 
In the bladder. 



ay. 3. lltoraliB (Oersted). 

Erythroconis Utoralis, Oersted. 
Merismopedia Utoralis, Rabenhorst. 

Cells round, or, before division, oval, i 'z p., seldom : 
or more /i in diameter, united into 
families of four, sik, or eight, etc, 
which in their turn form larger 
colonies (as many as 64 groups of 
four in a colony). Plasma colourless, 
but in each cell from one to four red 
granules of sulphur, (Fig. 11.) 

In putrefying sea- water. 




So(JlcrWarniiizg). 



% 



28, S. Reitenbachii (Caspary). 

Merismopedium Reitenbachii, Caspary. 
Cells round, before division ovate-elliptical, about 1*5 
■5 /i in diameter, at the time of division prolonged to 
4 ^ ; seldom single or in twos and threes, for the moat 
part united in fours or eights, less often in sixteens or 
more. Cell-walls colourless, lined with a rose-red layer of 
plasma. 




22 Synopsis of the Bacteria and Yeast Fungi. 

On submerged parts of water-plants, on decaying pieces 
of the same, and floating free in fresh water. 

The families contain at mos.t JZ cells : those consisting of S round 
cells measure 9'9 n in length, 4'9 n in breadth ; plates of 8 cells ii 
the act of separating are 6'6 n long, 49 n broad j the same of iG cells 
have a length of 16*6 fi, and a. breadth of 107 fi. 

Perhaps also Mirismopedia violacea (Br2b.), Kuliing, belongs to the , 
Fungi. It agrees closely with S. ReUrnicuhii in siie, but is dii 
guished by its colour, and especially by the fact that the cells are not 
unfrcquenliy united in one family 10 as many as 128. Very similar iMit 
hitherto, I believe, only foimd in Sweden, is Meriimofeditim ckon- 
droidetim. Wit! rock. 



, S. hyallna (KutKing). 
Merismopedia hyalin, 




(after 



, Kiitzing. 

Cells round, almost colour- 
less, z'S ^ in diameter; families 
usually composed of from 4 to 
24 (seldom more) cells, reaching 
15 /I in diameter. (Fig. 12.) 
In marshes. 

Sarcina renh. Hep worth (iW- 
roscoficai Jeumal, v., i8S7, p. 1, pi- 
i. lig. 3), is coloured a lively green, and ticsides looks very Utile like R 
Sarcina, and shall therefore only be mentioned. 

Besides the foregoing species of Sarcina, Fungi belonging to Ihi* j 
genus have been observed on various substratra — on cooked potatoes I 
(in little chromc-yeltow heaps], on cooked white of e^ (in clear yetlov 
spots), also in fluids, even in the blood of healthy and unhealthy j 
persons, and in the mouth. 

VI. BACTERIUM, Cohn ("Beitrage," i. p. 168). 

Cells shortly cylijidrical, dongated-elHptkal or fusiform, 
increasing by transverse division, spontaneously motile. The I 
daughter-cells either separate from one another soon after j 
division, or remain united in a chain of two or more. The J 
formation of a zooglcea is also frequent SporeformalioH 1 
like that of Bacillus. 



A.— Colourless Species. 

. B. Termo, Dujardin {"Zoophyt,," p. 212). 
Monas Termo, Miiller. 
? FalnuUa Jnfusionum, Ehrenberg. 
Zooglaa Termo, Cohn. 
Cells shortly cylindrical, obtong, about i '5-2 /x long, 
with a flagellum at each end. {Fig. 13.) 

In the most various substances capable of putrefaction, 
especially in great nnra- '"V'l-r - ■ 

meat, etc. [A supply -'"' V ','' i'''f^ i"'' |\\>''v' ' 

can be obtained in a , * ' i'< ' ''^'^\^''~^::^ t\-'-i 

few hours by placing i ' ■,? ^ 1 i i>/it '^'--.'^'>','i|,7-.j 1 

a bit of meat in water, '^ '■ ' ^ ;''?T'.'^,'')i^''''V^l^ ' 

at a sufficient tempera- ««' ^^^.__ ^ l?';V/ii ;-■>' 

ture.] -.^— ^3*^ ;';■''* 

ferment of decay ; it pro- Fig. ij.— Bac(<n'MW Termo; i, theiooBlicB form 
duces the decay of organic (a and i, aftti Cohn, x 650 , c, after Dal- 
substances, and multiplies lingit, X 4«»>- 

abundantly so long as any pntrescible material is present, while it 
disappears when the decay is completed. It may be obtained with 
certainty by putting a piece of meat into water, and leaving it to itself, 
allowing the vessel to stand open in a warro place. In consequence of 
their enormous power of multiplication, the Bacterium cells which ate 
conveyed by the air into the Quid, or which adhere to the meat, fonn 
in a short lime so nnmerous a progeny, that even in twenty-four hours 
the water shows a decided milkiness, which is caused by the Fungus 
cells floating in it. Moreover that B, Termo is the cause of the decay, 
and does not, as might be supposed, appear secondarily in the decaying 
substance, is easily shown by a simple expedmcnt. For if the air is 
Allowed to penetrate without hindrance to a putrescible substance, the 
decay begins very soon, because the air always contains a number of 
Bacterium cells. But if the pulrcscjble organic substance is strongly 
heated (above 50° C.) and then protected from the ait, it doc not 



refy. It might indeed b 
^ the decay ( 
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e objecled that the air itself or the oxygen 
iDt this objsctiQn also can be easily refuted, 
nay be admilted to easily putrefying suhstances which have been 
strongly healed, but be depiived by filtration through colton-wcjol of 
solid bodies (and therefore of Bacterium cells) — and in spite of the 
admission of air tio decay will result. 

31. B. Lineola (Mullet), Cohn (/.c, p. 170). 
Vibrio Lineola, Muller. 
V. iremulans, Ehrenberg {see. Cohn !), 
Bacterium trilocuiare, Ehrenberg. 

Cells exactly 
:, similar to those of 






Terms, 



I 





, X fiju ; £, BfUr DallLiger, X ;dq<iJ. reUHl, 

{}.c., p. 29 of the Resum^). 

Cells ellipsoidal or elongated, gradually 
rounded off at the ends ; length 2-6 ^ breadth 
i'3-z'4 /x; colourless, motile or stationary, 
but never united in chains or zooglcEEe, 
in large heaps. {Fig, 15.} 

Only in sea- water, 

• [The text says, "mit iwei Geiseln nn t 
Ende ; " but see the fignrea.— Te,] 






I 



Bacterium. 

33. B. ftiBiforme, Warming {I.e., p. 

Cells fusiform, with very acitte ends, 2-5 
11. long, 'S-'S fi. thick, in a spongy layer on the 
surface of the water. (Fig. i6.) 

In sea-water. 



34. B, Navioula, Reinke et Berthold 
{" Die Zersetzung der Kartoffel 
durch Pilze," p. 21). 

Cells fusiform or elliptic, nai- .^is^ 
rowed towards both ends, pretty t\ ' 

large, partly motile, partly station- jy 
ary, with one or more dark spots p 
in the interior, which are coloured 
blue by iodine. (Fig. 17.) 

In rotting potatoes. '^a'l^u^RMi 




B. — Chromogenous Species. 

. B. synxanthom (Ehrenberg), Schroter, i 
{l.c... 



I ViOrio synxanthus, Ehrenberg. 

I V. xanthogenus, Fuchs. 

I Morphologically not different from B. Termo; "}-\ /i 

■bug, moving actively, single or united in chains up to five 

in number. 

Causing the so-called "yellow milfc." 

Milk, which has been boiled, and some time afierwiitds coagulated, 
ofien suddenly assumes a lemon-yetlaw colour, while the caseine by 
degrees nearly disappears. The milk, originally neutral, becomes first 
add, and then intensely ulltaline. The filtered lemon-yellow fluid 
becomes ambei-colouied on evaporation ; the resulting yellow-brown 
B not soluble in alcohol or elher, but completely so in water. 
}t afPecI the colour, whicJi a instantly changed bj acids. 
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36. B. syncyanum (Ehrenberg), Schioter {Lc, p. 124). 

Vibrio syncyanus, Ehrenberg. 
V. cyaHogenus, Fuchs. 
Morphologically the same as the preceding. 
Producing the " blue milk." 
The colouring matter is changed by potash or sod» into a peach- 
btossom red, while acids restore the original colour. Ammonia, or 
contrary, only alightly changes the blue to violet. 

37. B. eeruginosum, Schroter {/.;-., p. izz). 
In the so-called green or blue pus, which is at times 

found in wounds, etc. Resembling B. Termo. 

Even in this case the actively moving Fungus cells are 
themselves colourless ; they secrete the colouring matter, 
which is verdigris-green, often passing into blue, in the 
matter which surrounds them. 

[38. B. Tiolacenm (Bergonzini). 

Chromobacterium violaceum, Bergonzini {Ann. 
Soc. Nat. Moden., xiv., 1880; see Bot. Cm- | 
tratbl., i. 152S). 
Rods isolated, motile, cylindrical, similar to those of | 
B. TtrmOf '6-1 ^ thick, 2—3 /i long, of a violet colour. 

On solution of white of egg. Pigment insoluble in \ 
water, slowly soluble in ether, rapidly in alcohol. The | 
ether dissolves out a red-violet colouring matter, the alcohol J 
a deep blue one.] 



L 



VIL BACILLUS, Cohn {U., p. 173). 

Cells elongated cylindrical, almost always combinecl 10 
straight rod-like (not at all or slightly constricted) rows or 
threads, increasing by transverse division. They form a 
zooglcea, but often also occur in dense swarms, without the 
n of gelatine. Reproduction by spores. 



J 



Bacillus. 37 

The genus Bacillus is very near to Bacterium; Bac 
Urium Lineola especially is very similar to single Bacillus 
cells. But they can be distinguished by the fact that in 
the longer Bacterium cells self-division has already begun, 
while in equally long Bacillus cells no trace of division can 
be perceived. 

The spec[es are partly always motionless, partly spontaneously 
motile, passing however at times into a condition of rest. The rod- 
like cell lengthens itself by inlercalary growth to ahoul double its 
original length, and then breaks up by a transverse division into two 
daughter-cells, which often separate from one another, ollen also 
remain united. Since the products of repeated divisions are arranged 
end to end, there arise filaments which are often bent in a zigzag 
Tasbion, often also straight, apparently unjointed, but the joinls may be 
brought into view by the application of stainmg materials. The de- 
velopment and germination of the spores in Bacillus has been already 
ilescribed. The demarcation of the different Species is difficult in this 



139. B 
Cells. 
ice as 



A. — ZvMOGENous Species, 



75)- 







1. sQbtilis (Ehrenberg), Cohn {J.c, p. 
Vibrio subtilis, Ehrenberg. 
Ce!lscylindrical,abovit 
ice as long as broad, 
as much as 6 /t long, fiir- 
nished with a flagellum at 
each end. Usually several 
united together in pseudo- 
filaments, which are like- 
wise motile, flexile, and '" 
provided with a flagellum at each end. Spore-forming 
rods three or four times as long as broad, isolated or united 
, in threads. Spores for the most part somewhat thicker 
|than the rods, (Figs. 18, 19, aoa.) 
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Iq various infusions and substances ; most probably also 
n the rennet-stomach of living animals. 




According to Cohn, it produces the butyric feimentation and is also 
the efficient cause in the ripening of cheese. 

An eilraordinary and peculiar power of resistance is possessed by 
the spores of S. mi/iiis and other species. They are not killed off 
by boiling, hut are thereby excited to speedier Eennination, which of 
course brings into consideration the duration of the boiling. A quarter 
of an hour's boiling does them absolutely no harm, while after an hooi 
most of them, and after two hours all of them are killed. Heating 
them above 8a° C. kills them sooner. They are nol affected by poisons 
and weak acids. 

40. B, tremulos, Koch, in Cohn (Ic, ii. p. 417). 

Very similar to 
the preceding, but 
more slender and 
usually also shorter, 
always with a flagel- 
lum at each end. 
Spores conspicuously 
^i,h thicker than the cells, 
often lateral (Fig. 
.o«). 
On the surface of decaying plant infusions, 
thick gelatinous membrane. 




res, X 5<»(aL]aftcrphotogra.ptiAhjKDch). 



sions, forming a ^H 
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41. B. Amylobacter, Van Tieghem {Bull. Soc. £oi. 

[^Clostridium butyricum, Prazmowski.] 
Morphologically like B. subtilis, but distinguished by 
the fact that at certain times it contains starch in its cells, 
which can be easily recognised by the blue colour produced 
on the addition of iodine. 

In the cells of laticiferous plants, in decaying plant 
infusions, etc 

According to Van Tieghem's Srst coimDuiuca.tioiis, this species is 
Ihe cause of cellulose-feraientation. Afterwards B. Amylobaclir (and 
not B. sublilii] was indicated by him and Prazmowski {Bol. Ztitung, 
1879, No. z6) as the feiment of butyric fermentation ( Vibrion bulyrique 
of Pasteur). According to Prazmowski, B. Amyli^acler is especially 
and essentially distinguished from B. lablitis by the mode of germina- 
tion of the spores. The geiroinaling thread in the former species is 
protruded, not at the equator, but at one of the poles of the sphere. 
But it appears to me inadvisable to found a new species on this dis- 
tinction, as Prazmowski desires. 

[As little is known about B. AmyMaiter in England, I append a 
passage of Van Tieghem concerning it, translated from the BwlUlin of 
the Soci^l^ Botanique de France, 1S80, p. 284: "Ordinarily, as we 
know, when B. Amylobaclir attacks starch-containing parenchyma, it 
first dissociates the cells by dissolving their intermediate lamellce ; then 
it causes the membranes of the cells thus separated to swell up, and 
dissolves them by decrees, without attacking the gtanules of starch 
which they enclose (as in potato, bean, etc.). In Adoxa MosckalelUna 
it is quite different. The Amylebacltr still begins, it is true, by de- 
stroying the intermediate lamellie, and separating the cells, the puncta- 
tions of which " (he is speaking of the sub-epidermal layer of the 
ihizome, macerating in water) " are then open to the outside. Pene- 
trating into the cavity by one of these punctations, it proceeds to 
develop itself there among the starch granules. At Ihe same time it 
attacks these granules, and causes them by degrees to disappear, 
without exercising any action upon the cellulose membrane. When it 
has complelely dissolved and absorbed the grains of starch witbia the 
cell, the Amytabactrr forms a brilliant spore in each of its articulations, 
and disappears. With its membrane unaltered, and the mass of spores 
which fills it, the cell then fulfils the part of a sporangium." According 
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to Van Tieghem, it is (he action of this saprophjle which causes ptanl- 
tissues, immersed in water, to decay. He has even lecognised the 
characteristic traces of its action ia the lemains of siticified fossil plant! 
of the Carboniferous period ; Ann. SH. Nat. Bat., is., 1879, p- 381. 
-Tr.] 

42. B. Ulna, Cohn [U., i. p. 177). 

„„„__„„___ Threads broader than in 

"■ ™~-..— -=■.-.. ^ j^/,7y^ slightly flexile, with 

g^jjja ^ '■"■*■'" a dense fine-grained plasma. 

Single cells as much as 10 ^ 
long, 3 /I. broad. Spores ob- 
long-cylindrical (Figs. 21, 22.) ■ 

In various infusions, e.g. of 
white of egg. 



.—Bacillm l/lna (sftcr Cohn>. 



Appears to be scarcely ditTerent from S. sublUis. Intennediaie 
forms between the two have been observed. 




B. — Pathogenous Species. 
43. B. anthracis, Cohn {U., p. 177). 
Exactly like B. subtilis, but motionless and without I 
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flagella ; cells 4 ^ or more long, very slender, for the most 

part united into 

long, often bent, 

threads. Spores not 

at all or little thicker , 

than the threads, ='=^^' "^^A 

i-S-2-z/ilong, (Figs. ' "^ '^ ' 

aoc, 23, z4a.) 

I In the blood of 

' . , * ■ r 1 ^1E- ^4- — ^1 BaaiiHS OHtHTVas, irom toe Diooa ot a 

animals which have co» Ihal had di^d of spknic rover, tjarainedafisr 

died of splenic fever ; ''•="' ; ''• ^- "■*"■■ >^ *™ <»'''*'■ '^'^'• 

the cause of splenic fever in cattle, sheep, etc., and of 

" pustula maligna," woolsorters' disease, in man. 

B. atilhrcKis and the pathological phenomena engendered thereby 
are ihe most accuralely known or alt the diseases induced by Schizo- 
mycetes. The Bacilli are found without exception in the blood of 
animals which have died of splenic fever, and it is sought to infer [hat 
ihey are the cause of the disease. So long as only the vegetadve 
threads were known, it was diFhcult to prove this ; for these are capable 
of living only a relatively short lime, ajid blood which contains them 
alone soon loses its power of infection. The remarkable thing about 
splenic fever, however, is that it often breaks out in a neighbourhood 
quite suddenly, then disappears for a long lime, to appear again just 
ts unexpectei]ty without any transference fiom without hiving taken 
place. From these facts it must be concluded that the contagium can 
preserve its infecliveness for a considerable time. The discovery of the 
spores of B. aHlAriuis, which nevertheless are formed only in the blood 
of dead animals, or when the blood of animals affected with splenic 
fever is slowly dried, explains this long-lasting power. For, moreover, 
the spores of S. anlhracii possess great capabilities of resistance lo 
external influences, especially to dryness, so that (hey are capable of 
further development even after years. These spores are buried in the 
ground with the bodies of diseased animals which have died, and when 
there means of dispersion are open to them. If then Ihe^ get ia any 
way into the bodies or the blood of cattle, etc., they germinate, the 
tods which proceed from them multiply in abundance and soon com- 

mce their destructive work. 

(This species is now known to move al one stage of its existence, 



I xoda which 

^^^^^nce ihei: 
^^^■{Thiss; 
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and also lo fonn a icx^lcea (Qtiart. your. Micr. Sci., xviii. 163). Klein 
describes, i.t., ixiii. z6o, a tanik-like variely which sometimes passed 
OD the same thread into the typicol Baciilns. — Tr.] 



[44. B. tuberculosis, Koch. 
Rods slender, about one-half to < 



*<*' 



3</ 
1 



'^ 



-^^ \ ft 



le-third of a human 

^**' red blood-corpuscle 

■^ in length, i.e. 3-4 ^ 

\^^ long, and in breadth 

^ one-sixth of their 

length. Spores not 

^ thicker than the 

threads, about '5 fi 

in diameter. (Fig. 

______ „ ^" "^^ walls of 

pitpared by Hcneage Cibbea'sUElhod; aX uoo; tubcrCuloUS CaVltieS, 

'^'^ in the sputum, and 

even in the breath of phthisical patients, in degenerated 
scrofulous glands, in fungous joints, and in the bones of 
tuberculous animals (Koch), and in all kinds of tuberculous 
new formations (neoplasms). 



r Xi^ 



lis was first discovered by Koch, by s 
n alcohol, followed by a solution of vi 
imgarten, and Heneage Gibbes ace 



with methyleoe 
the methods of 
n the Appendix, 



p. 103'1 

[45. B, leprBB, Hansen (Virchow, Archiv, 1880, p. 3a), ' 
Rods slender, resembling those of B. tuberculosis, but 

about 7 ^ broad. Spores not thicker than the threads. 

(Fig. z6.) 

In the "lepra" formations of the skin, in the liver, . 

the spleen, the testicles, the lymph-glands, the mucous 

membrane of the mouth, throat, etc, of leprous patients, 



Bacillus, 
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but, as it appears, not in the kidneys or the blood The 
" brown elements " always found in old tubercles are pro- 








y 



{ 



Fig. 26. — Bacillus le^reB. a, cells from tubercles^ fresh ; 6, a 
" brown element " coloured with methyl -violet, from a 
tubercle treated with osmic acid; c, bacilli, with spores 
(a and 6, after Hansen ; c, after Neisser). 

bably agglomerations of spores and spore-forming Bacilli. 
This species is acted upon by staining agents in the same, 
way as B, tuberculosis,'\ 



C. — Chromogenous Species. 

46. B. ruber, Frank et Cohn (/.r., i. p. i8i). 

Rods 6-8 fjL thick, scarcely i /w. thick, actively motile, 
isolated or united from two to four together. Dividing rods 
sometimes shorter, only 3-4 fi long. Secreting a brick-red 
pigment, which is different from that of M, prodigiosus, 
(Fig. 24.) 

On boiled rice. 

47. B. erythrosponis, Cohn (/.r., iii. p. 128). 
Motile, short, slender rods, partly forming longer threads, 

D 
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in which numerous oval-oblong, bright shining, dirty red- 
coloured spores arise, (Fig. 
=7-) 

On a solution of extract 
of meat, putrefying infusions 
Fig. ^.-B»m,. «,«™/™ (j«r of white of egg, and putrefying 
MiHei)- macerations of meat 

This species forms partly little floaling scales, pnrtl)' continuous 
membranes ; [he threads finally dissolve to a jelly, thereby freeing the | 
spores, which then sink to llie botlom, united in little gelatinous heaps. 
The species b easily recoEnisable by the dirty-red colour of the spores. 



VIII. LEPTOTHRIX, Kiitzing {"Phycologia Gene- 

ralis," p. ii)?i), pro parte. 
Threads very long and slender, unbmnchcd, apparently 
inarticulate, colourless, ■without motion, not granular, free or 
felted together. 

The Fungi assigned to the genus Leptothrix are of very 
questionable value as species ; I therefore include the fol- 
lowing with all reserve. Leptothrix-like formations are very 
3 in Bacillus. 



Since this genus will proba.bly remain only a. short time among 
the Fungi, I do not think it desirable to give it a new name now. 
The greater port of the species of Leplothrii are typical phycochro- 
maceous Algae 1 

48. L. buccalis, Robin (" Hist NaL Vdg. Paras.," p. 
345)- 

Threads very long and slender, '7-1 ^ (seldom some- I 
what more) thick, inarticulate, colourless, densely felted in I 
white masses. (See also Fig. 270.) 

Mixed with Micrococci (usually also with Vibrio, etc) in ] 



Leptothrix. 
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the white slime of the teeth, on the epithelium of the mouth, 
and in hollow teeth ; probably 
the cause of dental caries. 



The seat of this Fungus is espe- 
cially in the canals of the dentine, 
yet it also attacks the substance of 
the enamel, which it destroys by 
degrees. In those canals the Fungus 
produces decided enlargements, and 
afterwards their walls become pierced 
by crevices and fissures, and break 
to pieces. [According to recent 
authors, the enamel must first be 
attacked by the acids of the mouth, 
before the Fungus can effect a lodg- 
ment.] 



'I- 









1-^ 



49. L. parasitica^ Kiitz- 
ing {Bot Zeit, 1847, 
p. 220). 

Threads very slender, for 
the most part curled and 
crisped, indistinctly jointed, ^^^^^•"^'''t'^^he^™" i!^! 

loosely felted, almost colour- ZoogUtaramigera, 

less, about i /x thick, 100-140 ft long. (Fig. 28.) 



1'" 

¥ 




er 
called 




Fig. 28. — Leptothrix par<isitica, X 600 (after KQtzing). 

Parasitic on Scytonemacese and other allied Algse. 

Perhaps also Leptothrix pmilla^ Rabenhorst, and Z. Lanugo, Kiitzing, 
should be placed among the FungL 
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In sulphur springs. 

In Wartmann and SchenSt's '* Schweiz. Krypli^.," No. 639, tbis 
species is published under the nnme of Symphyothrix nivea, Brligger. 
Both the names given above arc cited as synonyms, but only jWv /ort^. 
From the label attached I extract the following observations : — ' ' Threads 
innrtiml ate and motionless, only^to^'" thick ( = '5-r-3 /»), parallel 
and much entangled, in pcnidllate tufts, strings, and sheaves of very 
unequal siie, which ate surrounded by a common, homt^eneous, colour- 
leas gelatine, " 

5a, B. leptomUiformia(Meneghini), Trevisan (" Flor. 
Eug.," p. 56). 
Osdllaria kptomitiformis, MeneghinL 
Threads very slender, indistinctly jointed, about i 'S-s's /i 
thick, forming a thin chalk-white slimy layer. (Fig. 29c,) 
In sulphur springs. 

53. B, arachnoidea (Agardh), Rabenhorst ("Flor. 

Eur. Alg.," ii. p. 94). 

Osdllaria arachnoiika, Agardh. 

O. versatilis, Kutzing. 

Threads pretty thick, distinctly jointed, strongly motile, 

-TC . i MfM/^'li!i; iim-r-riq:?r "''^ rounded slightly curved 

[gi[aJ^|g|gBvlB[igl. ends. Articulations as long or 

_ , _ half as long as broad. Threads 

Wf^y-^ii(^^}H-}f^. 5-6.5 ,* thick, forming thin. 

Fig. yt.—Bigtiaioa aracknoida, X arachnoid, chalk-whitegelalinous 

3«(^ttrw«™ng). . niembranes. (Fig. 31.) 

In sulphur springs and marshes. 

54. B. pellucida, Cohn (Hedwigia, 1865, p. 82). 
Threads about s M thick, motile, distinctly jointed, with 

rounded ends ; articulations almost as long as broad, trans- 
lucent, containing but few granules. (Fig. 32,) 
In an aquarium with sea-water. 




': mirabiliB, Cohn (Ic, p. 8i). 

Threads very thick, motile, bent and curled in various 
ways, with rounded 
ends, distinctly 
jointed, as, much as 
1 6 fi, thick ; articu- 
lations about half 
as long as broad, 
filled with nume- 
rous, pretty large 
granules. Threads 
twisted round and 
entangled with one 
another, forming a 
snow-white web of 
gelatinous threads. 
(Fig. 33-) 

With the preceding. 




Doubtful Species. 
56. B. tigrina, Rabenhorst {"Flor. Eur. Alg.," iL 
P- 95)- 
Osdllaria tigrina, Romer. 
Threads pretty thick, oscillating, distinctly jointed, with 
blunt and slightly bent, sometimes abruptly attenuated 
and crooked ends, translucent, 3 5-4 5 /i thick; forming thin 
white layers, {Fig. zgrf.) 

In marshes and on wood under water. 
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57. B. minima, Wanning {Ic, Resume, p. 15). 

Very luioute, actively motile and flexile. The longest 
specimens about 40 p long, i'8-a 
/i thick; articulations discernible 
in the form of delicate transverse 
bars. Each joint about half as 
long as broad. Without granules. 
(Fig. 34-) 




X. CLADOTHRIX, Cohn (" Beitrage," i. p. 204). 

Threads like those of Leptothrix, very slender, colour- 
less, not articulated, straight or slightly undulated, or even 
in places twisted in irregular spirals, with false branching. 

I can discover no sufficient distinction between Clado- 
thrix and Streptothrix. Both are very doubtful genera 




Myconostoc. 
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58. C. dichotoma, Cohn ("Beiuage," L p. 185). 

Threads repeatedly and regularly dichotomously 
branched, straight or slightly bent, about '3 /i thick, form- 
ing small tufts of i or more mm. in diameter. (Fig, 35.) 

In putrid water, partly floating on the surface, partly 
attached to Algs. 

The branching is here, just as with C. Porsteri, only apparent. 
A thread splits itself down the middle into two halves, which lengthen 
independently, and thus grow side by side, whereby the piece which 
was separated is pressed on one side, and so appears as a breach. 

59. C.P6rBteri(Cohn.) 
StreptofhrixFor- 
steri, Cohn 
(" Beitrage," 
1 p 186) 
Threads straight or 
bent, m places twisted m 
irregular spirals, sparingly 
and irregularly branched, 
separatmg into pieces of 
vanous lengths (Fig 36 ) 
In the lachrymal canals 
of the human eye, form- 
ing tallowy or crumbling 
masses, which are yel- 
lowish-white or blackish, 
15-3'" long, and about i'" ^'^%- 3^—ciaitti*i 
(i.t. about 2 mm.) thick. co«i (ifw/coL). 




XI. MYCONOSTOC, Cohn {« Beitrage," i. p. 183). 

Threads very slender, colourless, inarticulate, but on 

desiccation breaking up into short cylindrical fragments. 
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variously bent and intertwined, surrotinded by gelatine, 
■which forms spheroidal masses of 10-17 1^ ("^ more) in 
diameter. Multiplication by constriction and bipartition ' 
of these gelatinous masses. 

60. M. gregarium, Cohn {I.e.). 

Gelatinous masses floating on the surface of putrid 
water, singly or heaped into little slimy drops ; exterior 
boundary sharply defined (Fig. 37.) 

On water in which AlgK were decaying. 1 




Fig. 37. — MycomattK grtgarinm. a, GclUinoua tphcTDlds. 
conLaining tbe Ehrtads; t, a KphcToid m tFie act i>f 
divuioD ; E, [be threads Kjnnud ; r/, the [hreadb bnalc 
LDg up into ling-ihapcd i^ecEs (after Cohn). 

[This species was recorded by Professor Lanltcsler as a phi 
Spirillum Undula {.Quart. Jour. Aficr. Set., xiii. 414), but as no genetic | 
connection between the two has yet been traced, Cohn thinks it belter, \ 
31 present, to keep it distinct. It derives its name from its resemblitiice f 
to Nostoc among the Algre. {Fig. 38.) — Til] 




Spiroc/icsia. 



I 



XII. SPIBOCH^TA, Ehrenberg {Abkandl. Berlin. 
Akad., 1833, p. 313). 

Cells united in long slender threads, which present a 
considerable number of close spiral lur-ns. The threads are 
very actively motile ; in fact they swim forwards or back- 
wards, rotating round their longitudinal axes, and can more- 
over bend tliemidves in the most varied manner. Not 
forming a zooglcea, but often felted in dense tufts. 

Distinguished from Spirillum by the long, closely wound, flexile 
threads. 



61. S. plicatilis, Ehrenberg {Ic, p. 313). 
Spirillum plicaiik, Dvijardin. 
Spirulina plicalilis, Cohn.^ 
Threads very short and slender, with numerous close 
Spirals, articulated, blunt at 
the ends, 1 10-225 ^ long 
(according to Rabenhorst) ; 
diameter of the single joints 
(and thickness of the threads) 
Z-Z5 ^ according to Ehren- 
[Spores, according to 
■ ,Van Tieghem, S /i in dia- 
|ineter.] (Fig. 39,) 

;-water, among AlgK. 




This species is soid by Koch ( 
I capecislly by the doubly unduktec 
p'Glsinents with a simple spiral are 
lo., ,.. 382I u.m 

IS between this and Spirillum t 



> be distinguished from the others 
contour of its filaments. But stiU 

'ery abundant. [Dr. Klein {Quart. 
that he has seen all intermediate 

nue. wilb which he unites it.— Tr.] 



62. 8. Obermelerl, Cobn (" Beitrage," i. p, 196). 
Morphologically almost the same as S. plicalilis, perhaps 
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only distinguished by the fact that the threads are pointed 
at both ends. (Fig. 40.) 



■^v\/^A/\/^^VW*'v\/v^A/^/''v^-' 



\-^>, 




[It is a question whether thi 
pedes, merely transplanted into 1 



In the blood of persons 
suffering i^om febris recurrens, 
and probably the cause of the 
disease. 

The threads of S. Oiirmeieri are 
either extended in a straight line, 
and wound in regular spirals, or 
else they bend themselves, moving 
with extreme rapidity in the most 
varied fashion, so that the spirals 
appear of unequal size, especially 
Bt the most strongly bent places. 
This species is found in the bli>od 
of those sufleting from intcrmitleDt 
fever, and in fact only during the 
reciirrinE fever periods, or for a 
short time theteafter. In the u 
tetvals of freedom from fever they 
disappear. 

s be not the same aa the preceding 

1 different habitat.— Tr.J 



63. S. Cohnii, Winter ("Pilze," i. p. 61, 1884). 

[Spirachate dtntUola, Amdt.] 

\S. dentium, Miller.] 
Very similar to both the foregoing species, but always 
shorter, and for the most part more 
slender, than S. Oberimieri, and besides, 
like that, pointed at both ends, (Fig, 41.) 
In the slime of the teeth ; discovered 
by Cohn ; figured by Koch (" Beitrage 
zur Biologic," vol. ii. pt. 3, pi. xiv. fig. 8). 
[Miller has shown that this is articulated, 
Iike5.^//Vfl«y«,] 



( Vt^- 



/ X 



CbiUu' (liter Koch). 



lated, H 



Spirotnonas, 
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64. S. gigantea, Warming (/.^., Resumd, p. 21). 

Threads cylindrical, blunt at both ends, about 3 ft thick, 
with numerous spiral turns, the height of which is 25 ft, 
the diameter 7-9 ft. Flexile. The articulations are not 




Fig. ^i.^Spirochata gigantea ; «, X 166 ; 3, X 660 (after Wanning). 

visible, but at times the threads break up into joints. 
Colour greyish. (Fig. 42.) 
In sea-water. 

The longest specimens showed sixteen turns ; flagella have not 
been discovered. 



XIII. SPIROMONAS, Perty ("Zur Kenntniss der 

kleinsten Lebensformen,'* p. 171). 
Threads ^^ flattened like a leaf^ twisted round an imaginary 
longitudinal axis." Multiplication by transverse division. 

65. S. volubilis, Perty (/.^.). 

" Colourless, translucent [rounded at both ends], smooth, 
without any obvious differentiation, motion 

pretty swift, combined with a quick revolu- m^ j | 

tion round the axis about which the leaf- In ^ , 

like body is twisted. Body often twisted N 

very little, never forming more than a cir- Fi«- Az-^ptromo- 

cumference. Length -^ - ^"' =15-18 /a." ^ur^so^Cafter 

(Fig. 43) ^^^^- 
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Id stagnant bog-water and putrefying infusions. 

See Saville Kent's 



66. S. Cohnii, Wanning {l.c.. Resume, p. 20). 

Cells flattened, but sometimes slightly angular, acutely 
pointed at both ends, each with one 
flageJIuni, with ij (seldom more) tura. 
Spiral elongated, 6-9 times as higli as 
its diameter, 9-20 ^ in height, I'z-j'S 
fi. in diameter. Breadth of the cells 
I 2-4 fu Colourless, often with one 
or two longitudinal striations. (Fig. 
44-) 

In slinking, very much decomposed 
water. 




XIV. SPIRILLUM, Ehrenherg {Abkandl. Berlin. 
Akad., 1830, p. 38). 
( Vibrio, Cohn ; Ophidomenas, Ehrenberg.) 

Cells cylindrical or slightly compressed, simply arcuate 
or spirally twisted, rigid, with a flagellum at each end (? 
whether Jn all species). Multiplication by transverse 
division, the daughter-cells for the most part soon separat- 
ing. At times also a zooglcea is formed. Spore-formation 
similar to that of Bacillus. 

: wilh the genus Spirillum, the Vibrio of Cohn, and the 
Ophidomdnas of Ehrenberg. The genus Vibrio, in foct, cannot be 
shuply delioed, since flagclla bate bIhi been found in it. Cohn turn- 
self has already united Opbidomonas with Spirillum. Warming also 
combines all three genera. Although ihc name Vibrio has prioiitj, 
still I have preferred the designation Spirillum, becau&e gio&s misuse 
has been made of the former, especially by not) -botanists, so Ihat it is 
betlei to let il lapse ollogether. 




spirillum, 47 

67. S. Rugula (Miiller). 

Vibrio Rugula^ Miiller (" Infus.," p. 44). 
Melanella flexuosa^ Bory. 

Cells 6-16 ft long, about 
•5-2*5 iL thick, either only 
simply arcuate, or with one 
shallow spiral, bearing a 
flagellum at eachend^ actively 
rotating round its longitu- 
dinal axis; the cells are 
often felted in dense swarms. 
Height of the spiral'generally 

6-10 ^ diameter -5-2 //. Fig. 45.-«, Sinrillum Kugula; h s. 
Spores always at the end of Undula (a, after Cohn ; b, after 

. Koch's photographs). 

the cell, globose. (Fig. 45^.) 

In bog-water, and various infusions ; also in the slime 
of the teeth, etc. 

According to Warming, individuals occur the spiral of which reaches 
a height of 13-20 /x and a diameter of 2*5-5 M* Plasma granular. 

68.' S. serpens (Miiller). 

Vibrio serpens^ Miiller (" Infus.," p. 44). 

Cells half as broad as in the foregoing species, 11-28 
II long (according to Rabenhorst), '8-1 'i /t* thick, with 
several, usually three or four, spirals j often united in long 
chains; with a flagellum at each end. Also frequently 
forming swarms. Height of the spirals 8-12 /x, diameter 
1-2-3 ft. (Fig. 46 a, b.) 

In various infusions. 

The dimensions recorded by Rabenhorst (23-28 /ii long) presumably 
refer to threads composed of several cells. According to Warming, the 
height of the spirals is sometimes as much as 22 /x. 
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69. S. teuue, Ehrenberg (" Die Infusionsthierchen.," 
p. 84)- 

Cells very slender, 4-15 /i long, about 2 '25 /i thick 
(according to Ehrenberg), with at. least 
i^, usually, however, 2, 3, 4, or j spirals. 
Height and diameter of the spirals about 
1.5—4 fi, or the diameter amounts to half 

«- 1 1 J I the height Moving very swiftly, but also 
£ I ? I ^^^^^ almost motionless and felted in 
1 I \ J dense swanns or masses, or united in a 
I "ingloea. (Figs. 461:, 47.) 

In various infusions. 

f.-SfirillKm 



III 



ng. 



Accoiding to Wurming, only I n Ihick, and the 
Wuming]. spirals at times 8-10 y. high, wilh the diameter ^ - ft 

of the height. There appears to be some confusion between S. Unue 
*xA S. Uitdula. 



Spirillum. 49 

70. S. Undnla (Muller), Ehrenberg {Abhaadl. Berlin. 
Akad., 1830, p. 38). 
Vibrio Unduta, Muller. 
V. prolifer, Ehrenberg, 
Cells 8-12 ^long, i-i-i'4 /I thick (according to Raben- 
horst) ; spirals wider than in the foregoing, 4-5 /i high ; 
each cell for the most part embracing only ^ or 1, seldom 








r-SfiM!/»m U^ilula, X 3ooo(afifr DaJlinger). 

-ti[ to 2 or 3 spirals ; a Bagellum at each end. Very 
actively motile, at times also forming a zooglcea. (Figs. 
45 i, 461/, 48.) 

In bog-water and various infusions. 



a. thickness of i^ 

' "le; at the 

Sp. fibris 

vnriabte 



Ehrenberg gives for i 
of a line, for S, Uiidula only ,^ 
same lime, he says in the descriplit 
valde torluosis brevibus, validioribui.'' 

Accoiding to Wanning, S. Unduta is moi 
ihan was formerlj' admitted. The spirals 
elongated, so that the cell appears almost straight 
accordingly the height of the spirals varies from 3 
lO'jH, the diameter amounts to J, or ^ of the height, 
ihe thickness of the cells -6-i'3 ^ 

Var. morale^ Warming {l.e.^ 
™n,^, p. =3). 
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As much as 3 /i thick, spirals elongated, each 5-1 
high, diameter ^ or ^ of the height (Fig. 49.) 
On the shores of the Baltic Sea. 



[yr. S, amylifenim, Van Teighem {Buil. Sac. Bot, 
France, 1879, p. 66). 

Motile. Spiral of 2—4 turns, diameter of spiral 3-4 ft, 
height 6-g ^ Thickness of thread i'2-i"5 p. At each 
end a delicate flagellum. \Vhen growth has ceased, the 
contents become amylaceous, so as to be coloured blue by 
iodine, except at one place in each cell, where a spore is 
afterwards formed. Spores oval, strongly refringent, 2"S-3 (>. 
long, I -5 ^ broad. 

Each turn of the spiral is usually occupied by one cell, and fDrm& 
one spore. When the spiral has grown to four turns, two lateral septa 
arefornied, and the four cells separate into two equal portions, by the 
solution of the intermediate layer of the median partition. While in 
active growth the cell-contenls are coloured yellow by iodine. The 
spores are always placed at the end of a i:eU. In gerroinaling, they 
throw out a lube, which soon becomes curved, and then spiral. When 
it has taken two turns, a central partition is formed. The similarity of 
this to the formation and germinalion of a Bacillus spore is noticeable ; 
S. amylifimm is most probably only a phase of B. Arnylobactir, m 
company with which it was found.] 

7?. S. volntans, Ehrenberg {Abhandl., 1830, p. 38). 
Vibrio Spirillum, Miiller. 
Mdanella Spirillum, Bory, 

Cells slightly attenuated towards the ends, gently 
rounded, 25-30 ^ long, about i"5-2 ^ thick ; each cell with 
2j-3^ (seldom more) spirals, the spiral g-13 fi. high, 6*5 ^ in 
diameter; a flagellum at each end. (Fig. 46s.) 

Invariotis infusions, as well as in bog-water among Atg£. 

According to Warming, the spirals are often elongated, so that the 
cell appears almost straight ; the diameter then amounts to only i'5-4 )l. 



spirillum. 



51 




/ 



/pi-J^J 



Var. robustum. Warming {I.e., Resume, p. 23). 
Thickness 2-4'5 ^ height of the spirals 10-20 p, 
diameter 1-3 /x. Usually with ij turn. Sometimes with 

I two flagella at one end. (Fig. 50,) 
In sea- water. 
\ 73. S. sanguineum (Ehrenberg), Cohn {" Beitrage," 
\ i. p. .?■). 

I Ophidomonas sanguinea, Ehrenberg. 

Cells cylindrical, only seldom attenuated at the ends, 
3 /I or more thick, of various lengths, with usually 2 (seldom 
J or 2^) spirals. Height of the spirals 9-12 jt, diameter 
about % of the height; a flagellum at each end. Cell- 
contents coloured by numerous reddish bodies, with many 
sulphur granules. (Fig. 51-) 

In putrefying brackish water [and pond water?]. 
Accoiding to Wanning, the longesi specimens reach 65 n ; ihe 
height of the spirals 15-37 Mi while Ihe diameter amounls (o J or J, ot 
in small specimens \-}i of (he height. 

[According loSarille Kent, the Of hidomotias sanguinea oi Y,iiTca\ie,r^ 
is > true monad, and not identical with Cohn's Spirillum lanpjinenrn. 
(See " Manual of the Infosoria," p. 244, and in/rs, p. 94.) — Tu.] 
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74. S. violacenm, Warming {I.e., Resum^, p. 5). 



h 



Fig. i,,Sfirilli 



Cells either crescent-shaped (and so 
without a complete turn) or with i or t^ 
spiral, broadly rounded at the ends, with 
a flagellum at each. Cell-contents violet, 
with a few sulphur granules. Height of the 
spiral 8-10 n, diameter i-i"5 /*, thickness 
of the cells 3-4 /*. (Fig. 52.) 

In brackish water. 



■Sk. E' 



7S- S, Boeenbergii, Wanning (/.f., Resum^, p. 11). 

Cells with 1 or i^ turn, 4-12 /i long, 
I "5-2 '6 /I thick, colourless, but with ex- 
tremely numerous strongly refringent sul- 
phur granules. Spirals 6-7-5 /* ^^S^i of 
very varied diameter, which amounts at 
the most to half of the height. Moving 
actively and in the most varied fashion, 
but, as it seems, without flagella. (Fig. 
S3.) 
In brackish water. 

76. S. attenuatum, Warming (/.c, Resume, p. 25). 
Cells strongly attenuated at the ends, usually with 3 
spirals. The middle 
spiral is large and close 
(height about 11 ^ dia- 
meter 6 fi), the end spirals 
o are elongated (10 p high, 
z fi in diameter). Thick- 
(Kg- S4-) 



■^ 



ness of the cells 
In sea- water. 
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Spkisrotilus. 
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, Ehrenberg (" Infusions- 



77. S. Jenense (Ehrenberg). 
Ophidcmonas JenensL 
thierchen," p. 44) 

Cells obtuse at both 
ends, with flagella, 
olive-brown, 40 ^ long, 
about 3^ ^ thick, with 
^z^ spirals. (Fig. 55.) 

Whether this is really a distinct species is hard to say, so long 
as it is not found again in the original locality. Possibly it is identical 
with S. volatans. 

[Saville Kent classes this as a true monad (see "Manual of the 
Infusoria," p. 244). Warming thinks it may be identical with O. 



Fig. SS.—Sfiri/li,n 






With the Schizoraycetes we may range several other 
genera which are partly united with them by others without 
remark, but which present so great peculiarities that it will 
be better provisionally to separate them. 



I 



XV. SPH.ffiROTILUS, Kutiing. 

Cells roundish -angular or oblong, rounded at the comers, 
united in great numbers in a colourless gelatinous sheath 
to form long threads, which are densely tufted and en- 
tangled in floating flakes. Multiplication by means of 
vegetative cells, which isolate themselves and then form 
new threads by continued subdivision. Reproduction by 
spores, which are produced eudogenously within the vege- 
tative celts. 



S. natans, Kiitzing {Linnaa, 1833, p. 385). 
Flakes in the vegetative stage yellow-brown in the 
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older parts, colourless in the younger, many times branched, 
very slimy. During spore-formation, partly milk-white, 
partly red-coloured. Cells 4-9 ^ long, 3 /i thick, (Fig. 56.) 
In stagnant and flowing water. 

The (lakes consist of an enormous rasss of long, variously combined 
threads, which are formed of tows of cells, surrounded by a. slim;, 




!. ^.^SfkxrctUt 



<«fttr KflUiqg). 



sheath. These threads often assume a shrubby branched 
form, and are attached to water-plants, or float in a thiu layer nn the 
water. In the formation of spores, the protoplasm of the cells breaks 
up into numerous minute, sironglf refriugent portions, which become 
round spores, red at maturity, afterwards of a brown colour. These 
are set free by the dissolution of the molher-cclL They germinate very 
quickly, and grow into threads which are either isolated, or united with 
the parent- threads or with other threads as welL These daughler- 
ihreads, proceeding from the germinating spore, are at first undivided i 
not till after a time do Ihey break up into the typical rows of cells. 
Sometimes the growth of the spores into threads takes place while they 
are still within the mother-cell. 

SphicralilHs ochraaus, de Brebiss in litt., Kiitiing, " Species Alga- 
rum," p. 147, does not belong to this genus, 

XVI. CEENOTHRIX, Cohn. 

Threads cylindrical, somewhat clavately thickened up- 
wards, articulated, provided with a sheath. Multiplication 
by means of the joints, which escape from the sheath and 
grow into threads. Reproduction by spores, which are 
formed in the sheath by further subdivision of the joint-cells. 
The spores either grow directly into threads, or form by 
continued subdivision gelatinous colonies of roundish cells, 
which afterwards produce threads. 



Crenothrix. 
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79. C. Kuhniana (Rabenhorst), Zopf (" Untersuch. 
iiber Cren." (1879), P- S)- 

Leptothrix Kuhnianay Rabenhorst 

Hypheothrix Kuhniana^ Rabenhorst 

Crenothrix polyspora^ Cohn. 

1 Palmellina flocculosa^ Radlkofer. 
Threads in whitish or brownish tufts, 1*5-5 ft thick, 



h 






Fig. 57. — Crenothrix KUhniana (after Zopf)* ^i vegetative 
threads ; 3, Palmella form ; c, spore-forming threads. 

increasing to 6-9 ft towards the end ; joints of very varied 
lengths. Spores 1-6 ft in diameter. (Fig. 57.) 
In wells and drain-pipes, etc. 
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A Fungus which is often very Eroublesome, because it deliles the 
water and stops up the nirrower pipes. The cylindrical threads, some- 
what clavatc above, are visibly artlculaled ; the joints afleiwards 
separate from one another, but are then surrounded by a sheath, which, 
origioidly colourless, becomes of a yellow or yellowiah-brown colour by 
impregnation with iron. The shealh, at tirst closed, is burst at last 
by the continually dividing jointE, which (hen escape. Each joint can 
develop a new thread. In other cases, however, the thread remains 
enclosed in the shealh ; its joints are divided by closely contiguous 
transverse partitions into flat discs, which then break up by vertical 
partitions into amallet roundish cells ; the latter toay be designated the 
spores of the Fungus. They often develop, even while still within the 
sheath, into new threads, which grow through the gelatinous swollen 
sheath ; or else tbey leave (he sheath, and undergo further develop- 
ment outside it. They either grow into threads, or form by repeated 
bipartition larger or smaller colonies of roundish cells, held together 
by their membranes, which assume a gelatinous consistence. These 
colonies are designated the Palmetla form (probably the PahniUina 
fioiculosa of Radlkofer} ; each of their cells can again form B thread. 

[According to Eyferth, Bat. Ztiluag, niviii, 673, C. Kukniana 
is identical with Spkarotilus natoHS. A. Giard, Jiemte Inttmat. dti 
ScitHces, X. 190, ii) describing the infection of the drinking water of 
Lille, in tS82, by this Fungus, says that the " microgooidia," which 
are formed by transverse division of the clavatc ends of the tubes, 
exhibit for some time au active movement, and with a high power 
(Harlnack, No. 11, immet^ion) he saw the flagellum, A full account 
of this Fungus will he found in Quart. Jour. Mur. Sci., 187J, p. i6j. — 
Ta.] 
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CHAPTER II. 

SACCHAROMYCETES. 

TAf SaeckaroviyceUs, or Yeast Fungi, are unicellular plants, 
■which multiply themselves by budding, and reproduce them- 
selves iy endogenous spores. Th^ live singly or united in 
bud-colonies, chiefiy in sacchariiu solutions, where they excite 
alcoholic ferm entation. 

In most of the Saccharomycetes the cells are round, 
oval, or elliptic; seldom are they elongated into cylindrical 
tubes, which are divided by transverse partitions, and may 
be regarded as the first indication of the formation of 
hyphs, i.e. of a mycelium. For the purpose of multiplica- 
tion the cell forms an oulgrowth, which is filled with a 
portion of the contents of the mother-cell, gradually assumes 
the form and size of the latter, and separates itself from it 
by a wall Both cells can in like manner produce fresh 
daughter-ceils, which often remain for a considerable time 
united with one another, and on separation continue to 
grow independently. 

The formation of spores succeeds most easily on a 
moist solid substratum. Typically the whole cell contents 
divide themselves into 2-4 roundish portions, or contract 
into a single spherical body. The portions of the contents 
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surround themselves each with a membrane, and so pro- 
duce the spores, which can bud like the vegetative cells. 

To the Yeast Fungi (in the narrower sense) belongs the 
capacity of decomposing the sugar of a fluid into alcohol 
and carbonic acid, i.e. of exciting alcoholic fermentation. 

The carbonic acid comes off in rapid streams of bubbles, 
while the alcohol, as well as certain subordinate constituents 
of sugar, remains behind. 

The fermentation proceeds most energetically with re- 
stricted access of air ; but, if the air is excluded for a long 
time, the yeast cells perish. 

The same is true of the Saccharomycetes, especially in 
a botanical aspect, as of the Schizomycetes. Just as in 
the latter case, so also ia this, it is necessary to impose 
a limit upon the accepted species, and only those founded 
by trustworthy investigators can be considered. Of course 
there remain even then many doubtful points ; for the ma- 
jority of the now accepted species of Saccharomycetes may 
be only various forms of one and the same species, which 
have become diflerentiated by changed conditions of growth. 



XVII. SACCHAROMYCES, Meyen (in Wiegmann's 
Archiv, iv. vol. ii. p. loo). 

Unicellular Fungi, with vegetative increase by budding, 
and reproducrion by spores, which, for the most part, arise 
by subdivision of the contents of the mother^ceit. 

A. — Species not producing a Mycelium. 



80. S. cereyisiEB, Meyen (I.e.). 
Torula cerevisia, Turpin. 
Cryptococciis fcrmentum, Kiitzing. 

Cryptoeeceus cern'iiia, Kiitzing. 




Saccharomyces, 
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Hormiscium cerevisicB, Bail. 
[Saccharomyces minor, Engel ?] 
Cells mostly round or oval, 8-9 ^ long, isolated or 
united in small colonies. Spore-forming cells isolated, 






Fig. sZ.^Saccharomyces cerevisia ; a, a bud-colony; 
bf two spore-forming cells (after Lurssen). 

11-14 II long; spores mostly three or four together in each 
mother-cell, 4-5 ft in diameter. (Fig. 58.) 




O 







Fig. 59.—" Low yeast,** Saccharomyces cereznsia ; a, the 
same, budding actively (after Pasteur). 

In beer, in both high and low fermentation. 

The true beer-ferment is found in the various sorts of 







Fig. 60.—*' High yeast," Saccharomyces cerevisue ; a, the 
same, budding actively (after Pasteur). 

beer, in both modes of fermentation ; it is cultivated on a 
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large scale, and then yields the German yeast, a mass which 
consists of yeast-cells and water. 

[There are two races of this species, "high" yeast and "low" 
yeast. The cells of " low " yeast (Fig. 59) ore slightly smaller ftnd 
mote oval in shape than those of "high" yeast (Fig. 60), and in 
budding produce less romilications, so that there is an absence of the 
globular clasteis which ure so striking a feature jn the development of 
"high" yeast, when examined at an early stage of growth. "Low" 
yeast never rises to the surface of the fermenting fluid, which is thus 
left clear, but it produces, in the opinion of Englishmen at least, an 
inferior beer. This is known in England as " Bavarian " beer. With 
high yeast, the newly formed cells rise to the surface as the fermenta- 
tion proceeds, and there form large foam-like masses. It is doubtful 
whether the names "high" and "low" arose from these different 
positions of the yeast, or from tbe difference in ihc lemperalurea at 
which they work. High yeast ferments at a temperature between 16" 
C. and ao° C., while low yeast is usually employed at a temperatiue 
of from 6° C. to S° C, and rarely more than 10° C. In Pasteur's 
(from a morphological point of view) confused " Etudes sur la Biire," 
these are considered as distinct species, but this position is untenable. 
.?. minor, Engel, found in fermenting bread, is probably only a form 
of the same.— Tk.] 

81. S. ellipBoideuB, Reess ("Bot. Untersuch. uber 

Alkohojg.," p. 82). 
Cells elliptic, mostly 6 /* long, isolated or united in little 
branched colonies. Spore- 
forming cells mostly iso- 
lated ; spores 2-4 together 
in each mother-cell, 3-3'S /* 
in diameter. {Fig. 61.) 

Producing spontaneotls 
fermentation in must ; [this 
is the ordinary ferment of wine]. 
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32. S. conglomeratiui, Reess (i.e., p. 83). 

Cells almost round, 5-6 fi in diameter, united in clusters, 



Saccharomyces, 
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which consist of the numerous cells produced by budding 
from one or a few mother-cells. Spore-forming cells often 
united in twos, or with ^ . 

^0 ^ ^ ' 



a vegetative cell ; spores 
2-4 in each mother-cell. 
(Fig. 62^.) 

In wine at the begin- 
ning of the fermentation, pj^ g, _^^ Saccharomyces exigMus; 5, S. con- 

and on decaying grapes. giomeratus, x 600. 

83. S. exiguus^ Reess {Lc, p. 83). 

Cells conical or top-shaped, about 5 ft long, reaching 
2*5 ^ in thickness, united in sparingly branched colonies. 
Spore-forming cells isolated, each with 2-3 spores, which 
lie in a row. (Fig. 62a.) 

In the after-fermentation of beer. 

84. S. Pastorianus, Reess (/.r., p. 83). 

Cells roundish*oval or elongated-clavate, of varied size. 




Fig. 63.^Saccharontyces Pastorianus ; a, the same, more highly 

magnified (after Pasteur). 

Colonies branched, consisting of primary clavate cells, 18- 
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27. ji. long, which produce secondary roundish or oval 
daughter-cells, 5-6 ^ long. Spare-form ing cells roundish 
or oval; spores from 2 to 4 together, 2 ^ in diameter. 
(Fig. 63.) 

In the after-fermentation of wine, and fniit-wine, or 
spontaneously fermenting beer. [The "caseous ferment" 
of Pasteur ; may be obtained sometimes in English yeast.] 

85. S, aplcnlatns, Reess {I.e., p. 84). 

Carpozyma apiculalum, Engel. 

Cells lemon-shaped, shortly apiculate at each end, 6-8 

!-3 fi broad, sometimes slightly elongated, and, 

according to Hansen, 

towards the end of their 

growth becoming oval ; 

daughter-cellsarisingonly 

from the ends of the 

mother-cetl ; for the most 

part soon isolated, rarely 

united in small, scarcely 

branched colonies. Spores unknown, (Fig. 64.) 

In the principal fermentation of wtne, and in other 
spontaneous fermentations. [On all kinds of fruit, stone- 
fruits, etc., in must, and in certain kinds of beer.] 






Fig. 64.-J-i««a™i 



86, S. sphsricnB, Saccardo (" Fungi Italici," fig," 76). 

Cells of various forms ; the basal ones (of a colony) 
oblong or cyhndrical, 10-15 ^ long, 5 ^ thick; the 
others round, 5-6 /t in diameter, united in bent, branched, 
often clustered families. Spore-formation imknown. 
(Fig- 6S-) 

On the fermenting juice of Lycopersicum tmikntum, 
the tomato. 



Saccharomyce 
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. (Saccardo, who regards this as a Hyphomycele of low organiiation, 
says (" Michelia," i. p. 90), " Occurring- in minute, flatly convex, gre- 
garious and confluent, dirty-white heaps ; conidia perfectly spherical, 
' 5-6 /I in diameter, collected in variously curved, branched and often 




Cohn ("Beitriige," 



clusleied cha.ins, separating witlnlilficQlty, hyaline, usually supported on 
oblong or subcylindrical bases, lO-lS/iX 5 p," There is a strong like- 
ness between this and HormuHum album, Bonorden, except in habitat.] 

t 

^^^H^i ft long, about 4 /i broad, Isolated o 
united in twos, seldom more together. Cell- 
membrane and contents colourless, when 
fresh ; but, when moistened again after dry- 
ing, with a faintly reddish central nucleus. 
Spore-formation unknown. (Fig. 66.) 

On starch-paste, slices of potato, etc., ^'^^o^c^Jui^h 
forming rose-coloured, slimy spots, which (aficr Cohn). 
have at first a diameter of ^i millimetre, but by degrees 



\ 87. S. glntinis (Fre 
187). 
Cryptecoccus glntinis, Fresenius. 
, Cells round, oval, oblong, elliptic to shortly cylindrical, 

a 
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spread and become confluent in patches of as much as one ' 
centimetre broad. 

The colouring matter is unchanged by acids and alkalies. 



B. — Species PRODUcmG a Mycelium. 

88. S. Mycoderma, Reess {I.e., p. 83). 

Mycoderma eereinsia, and M. vini, Desmazibres. 
Harmiscium vini, and H. etrevisia, Bonorden. 
Ceils oval, elliptic or cylindrical, about 6-7 (* long, 
2-3 ^ thick, united in richly 
branched colonies. The cells 
are often elongated, so as to 
resemble a mycelium. Spore- 
forming cells as much as 30 /i 
long; spores 1-4 in each mother- 
cell. (Figs. 67, 63.) 

On fermented fluids, sauer- 
kraut, juices of fruit, etc, forming on beer and wine the 
so-called " mould." 

This and the following species reach in their development 





the highest rank among the Saccharomycetes. The cells 
often form, especially in watery fluids, long tubes, which 
are divided by transverse partitions, and fall into single 
pieces at those points. These bud, in tlieir turn, L 
same manner. 



Saccharomyces. 



While ihe true Veast Fungi grow submerged in the higher layers of 
the fluid, and there excite active alcoholic fermentation, the " mould " 
BTOwa on the surface, without exciting fermenlation. When arlifieially 
forced to grow submerged, of course a tittle alcohol is produced, but the 
Fungus soon perishes. ^ 

Although the growth of the layer 
of " mould " goes hand-in-hand with 
Ihe souring of the wine or beer, yet 
the Saccharomyces is not the cause of 
the latter. The formation of ■vinegar 
from alcohol is produced rather by 
other Fungi, whose systematic poslttoa 
is still undetermined. According to 
some, it is a species of Vibrio (Spiril- 
lum) which causes 'hit decomposi- 



► 89. S. albicans (Robin), 
Reess. 
Oidium albicans, Robin, 

Cells partly round, partly 
oval, oblong or cylindrical, 3's- 
5 /i thick J the round ones 4 
ju in diameter, the cylindrical 
ones 10 to 20 times as long as 
thick. Bud-colonies mostly con- 
sisting of rows of cylindrical 
cells, from the ends of which 
spring rows of oval or round 
cells. Spores formed singly in 
roundish cells. (Fig. 69.) 

On the mucous membrane 
of the mouth, especially of in- 
fants, forming the disease known as aphtha, or thrush. 
Also in animals. 




This Fungus appears in the Ton 
heaps, which nevertheless do not 



argei or smaller greyish-while 
I exclusively of the tiacchoro- 
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myces, but also contain Schizomyccles and the mycclia. of mooldt. 
When cultivated, the Fungus fonns long-jointed, richly branched [hreidB; 
at the upper end of each articulation there is usually a crown or bundle 
of shorter cells, which arc ovbI or round in form, and bud in Iheii turn. 
In other cases, all the cells of a bud-colony remain short, and assume 
a rounded form. This Fungus encites alcoholic fermentation only \ 
small degree. 

According lo Grawil; (Virchow's Arrhiv fiir Path. Anat. ■ 
Phys., vol. Ixx. p. S57), S. albU.iHi is identical with S. Mycodtrma. 



C. — Doi;btful Species. 



90. B. gnttnlatna (Robin). 

Ctyptococcus gutlulalus, Robin ("Hist. Nat. V^ 
Paras.," p. 327). 
Cells elliptic or eloiigated-ovale, 15-24/* long, 5-8/1 thick, 
brown, opaque, with two to four colourless drops, isolated or 
from two to five together. Spore-formation unknown. 

In the ossopbagus and intestines of mammals, birds, 
and reptiles. 

[91. S. coprogenns, Sac card o et Speggazini (" Fuj 

Itabci," fig. 911). 
Effused, superficial, rather compact, dirty-rose colours 
conidia ovoid and then globose, 13—14 P- lc>ng, 10-11 



1 




Fig. jo.-^aerAaromyctj toprogenm, X ^oafiner SfeccardoX 

broad, forming very short chains or solitary, often provided 
with a tail-like appendage (? from germination), clouded 
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within, when in clusters pa]e rose-coloured, hyaline 
("Michelia," ii. p. 287). (Fig. 70.) 

On fermenting human ordure, where it forms a sotne- 
what waxy layer, almost like a Corticium. This also is 
considered by Saccardo to be a. Hyphomycete.] 

[gz. S. olei. Van Tieghem {Bull. Soc. Bot. France, 
voL xxviiL). 

Ceils oval, arranged in branching threads, 4 ^ long, z's, 
fi broad ; cell-contents pale rose-colour. 

In olive oiK The oil is changed in appearance by the 
growth of this Fungus, becoming white and milky from 
saponification. No gas is disengaged during growth, nor 
is any special odour perceptible. The ordinary Saccharo- 
myceles will not grow in oil] 

[Dr. Klein, Quart, your. Micr. SeL, 1883, p, 268, describes a pink 
" Torula," consisting of cells 9-10 ft in iJiameter, which he assumes lo 
be ihose ai S. cerrvhia. I( formed pink droplels 



the colour was only developed 
submerged growl h. 

What is called the "ginger- 
beer " plant, used in country dis- 
tricts to produce home - made 
ginger-beer, consists of " low " 01 
sedimentary yeast, and S. Myiodir- 
ma, together with various species 



the free surface, and ti 
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ma, lugcuici wiiii laiiuus spctica Q £7 

of Baciilus, probably S. Ulna and M~V> QO—' 

B. luililis, and in addilion the ^— *^ Ij 



>r-rennenl 

(Fig. 71), which is considered by i'""""'^'- 
him lo lie a submerged v^etaiing form of Mucor 1 
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CHAPTER III. 



The classification of the Schizomycetes is at present in i 
remarkable transition state. That presented in the foreJ 
going pages, Chapter L, is due in the main to Cohn, anc 
has been supported by Koch, Van Tieghem, and others-l 
It is founded upon the idea, which would obviously occur 
first to an observer, that all the various morphologically 
or physiologically distinct forms belong to different species. 
This idea received strong apparent support from Koch's 
experiments {Jour. Roy. Micr. Soc, 1881, pp. 950-952, 
and Quart. Jour. Mkr. Set., 1881, pp. 651-654) in the 
cultivation of bacterial forms upon gelatine of sufficient 
consistence to keep the progeny of any one germ in its 
immediate neighbourhood, and thus prevent thai mixture 
of diverse forms which has been so often perplexing. 
Under these conditions, according to Koch, Micrococcus 
produced nothing but Micrococcus, Bacterium nothing 
but Bacterium. 

In opposition to this theory, Niigeli, Billroth, Halliei 
Hoffmann, Liiders, Cienkowski, Neelsen, Zopf, Haberkoni 
and others maintain that in most cases a Schizomycet 
passes through a series of adaptive forms — that a Micro 
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Mccus may become a Bacterium, 3 Bacterium a Bacillus, a 
Leptothrix, or even a Spirillum and a Spirochagta Ray 
Lankester (Quart. Jour. Mier. Set'., xiii., 1873, p, 408) 
and Lister were the first to promulgate this opinion in 
England ; but the truth of the former's observations, on 
Bacterium rubescens, has been partially denied by several 
observers, and is not yet entirely free from doubt. 

The first classification of the Schizomycetes was that 
due to Ehrenberg, in 183S ("Die Infusionsthierchen," 
p. 75), of which the following is the essential part ; — 



Cells straight j"fke-like, flexile 



Cells spiml 



Vibrio 
SpirDckate 
Sptrillum 
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It may be noted that Vibrio is here conceived to be 
naturally straight -lined, but capable of bending in undula- 
tions of a serpentine form, being thus distinguished from 
Spirillum by the fact that the undulations lie all in one plane. 
But most modern observers are agreed that the species 
referred to Vibrio belong to two classes— the one, in which 
the undulations are serpentine, being merely Bacillus ; the 
other, in which they are spiral, being undistinguishable from 
Spirillum. This is, therefore, another reason, added to those 
which Dr. Winter has given (supra, p. 46), why the name 
Vibrio should be dropped. 

Cohn's first classification (1872) is merely a modification 
of Ehrenberg's. 

A. Cells at limes united in gelatinous fBinilies. 

a. Cells round, Sphierobacteria ... ... Micrxoceui 

A. Cells oblnng, Microbacteria ... ... ... Bactermm 

B. Cells never united in gelatinous families- 
Cells ihreBjl-like, Desmobacteria. 

I. Throids straight ,,. ... ... Baallus 

a. Threads undukted ... ... ... ViMb 
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6. Cells spiral, Spirobactcria. 

1. Spirals flexile ... ... ... SpinxhaU 

2. Spirals rigid ... ... ... Spirilluim 

The division into sections A and B is founded upon a 

mistake, since some of the forms in the latter are now 
known to occur in a zoogloea. The Vibrio here mentioned 
is distinct from Ehrenberg's Vibrio, and included only V. 
Jiuguia and V. serpens. 

This classification Cohn revised in 1875 (see Quart, 
Jour. Micr. Set., 1876, pp. 259-278), adding the genera 
Sarcina, Ascococcus, Leptothrix, Beggiatoa, Ctenothiix, 
Streptococcus, Myconostoc, Cladothrix, and Streptothrix, 
and moreover placing these and the old genera in company 
with the analogous genera of Alg^ in one series, as Schizo- 
phytae. But these changes attracted but little notice except 
among specialists, and the arrangement given above, with a 
few additions, is that familiar to the majority of the students 
of Bacteria. 

The growth of views inconsistent with this classification 
will be seen by the following resumk of a few of the con- 
trary opinions. The earlier observers, whose opinions were 
based on insufficient grounds, may be disregarded. 

J. Lister {Quart. Jour. Micr. Set'., 1873, pp. 380-408, 
pi. 19-ai) gave an account of several experiments with 
Bacteria, in which great precaution was taken to ensure 
accuracy, and in one case, of a Bacterium which appeared 
spontaneously in milk, he observed coccus, bactcrioid, 
bacillar, and leptothrix forms, and recognised their genetic 
connection. 

Ray Lankester's investigation of Baeleritim rubeseens 
(1873) has been already noticed. Few even of succeeding 
writers have gone further in uniting different and apparently 
distinct forms. See also his further observations in the 
same journal (1876, pp. 278-283), and infra, p. 85. 
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Geddes and Ewart {Proc. Hoy. Soc, xxvii., 1878, p. 481) 
confirm Laokester's results in the main. J. C. Ewart 
{Quart, four. Micr. Sci., 1878, p. 161), after investigating 
Bacillus anthracis, advocates the doctrine that Micrococcus, 
Bacterium, and Bacillus are only phases of the same life- 
history, "which," he says, "is douhtless common to all 
Bacteria." 

Cienkowski ("Zur Morphoiogie der Bacterien," 1878) 
held (i) that the zooglcea form is analogous to the Palmella 
form of chlorophyllose Alg£e ; {2) that Crenothrix, Lepto- 
thrix, and Ciadothrix give rise to the zooglosa forms of 
Bacteria, e.g. o( B. Termo and B. Lineola ; (3) that Bacteria 
are' transformed into Micrococci by subdivision, and into 
Leptothrix by continued growth ; (4) that Micrococcus, 
Bacterium, and the so-called Torula fonns are not genetically 
distinct 

W. Zopf ("Ueber den genetischen Zusammenhang von 
Spaltpilz-formen," 1881) not only confirmed the views 
which Cienkowski had previously expressed of the genetic 
connection of Micrococcus, Bacillus, and Leptothrix, but 
also asserted that Vibrio, Spirillum, Splrochxta, and 
Ophidomonas can enter into the same iife-cycle with these. 
He investigated chiefly Ciadothrix, Beggiatoa, and Creno- 
ihriK. But he allows that not all the Spaltpilze have this 
pleomorphism, so that it is quite possible that some of them 
occur under one form only. 

C. von Nageli ("Untersuch. uber niedere Pilze " (i88z), 
i. pp. i29-r39) maintained that all known forms of Schizo- 
mycetes are connected by intermediate links, and that any 
division into species, however convenient for the purposes 
of description, has no scientific value. He considers that 
^^^^be same species can occur in widely diflerent forms, ac- 
^^^B^ding to the circumstances of its nutrition. 
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J. Haberkom {Botan. Cenlralblall, jl, 1882, p. 100) 
puts forward the opinion that all Cohn's four tribes are 
forms of 3 single large genus with numerous species, which 
show alternations of generations and pleomorphy. 

W. Zopf ("Zur Morphologic der Spaltpflanzen," 1881)1 
adduced further evidence to prove the truth of the view- 
that all the genera of the Schizomycetes described by Coha, 
and others, are simply stages of development dependent 
upon nutrition. 

W. Miller {ArMv fur exp. Pathol, und Pkarmak., 
xvi., i88z, p. 296) states that he observed transitional forms 
between Leptothrix bucm/is and other genera, viz. coccus, 
bacillus, and spiral forms ; and again {Berickte Deulsch. 
Bot. Gesell; i., 1883, pp. 221-224) he traced the growth of a 
Leptothrix from the teeth of a dog into forms more or lesa-i 
resembling Bacterium, Micrococcus, Spirillum, and Spiro- 
chffita. 

H. Kurth {Berichte Deutseh. Bot. GeselL, i., 1883, pprf 
97-99) not only traced the growth of his Bacterium Zop) 
from leptothrix into rod and coccus forms, but also- 
determined the conditions under which one or the other 
is produced — the rods being the vegetative and the coccus 
the resting stage. 

R Zukal {Osterr. Bet. Zetlschrift, xxxiii., 18S3, p. 73) 
connects Bacillus subtilis, not only with Leptothrix parasitica^: 
but also with the AlgK L. muralis and Drilosiphon Julianus^. 
ZuL These observations seem to be founded upon errors. 
E. Klein {Quart, /our. Micr. Sei., 18S3, p. 26o>' 
describes a torula-like variety of Bacillus anthracis, which' 
passed, sometimes even upon the same filament, into the] 
typical Bacillus, Similar forms of Bacteria have been 
described by many others. Klein's growth, however, judg- 
ing from his figures, docs not resemble a true Sacchaio-j 
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isyces. The word " Torula," like " Vibrio," is very much 
misused by non-botanists. The trae Torula belongs to the 
Hyphomycetes. 

F. Neeisen ("Neuere Ansichten iiber die Systematik 
der Spaltpilze," Biolog. Centralblatt, iii., 18S3, p. 545) gives 
a. review of the present state of the question, and confirms 
Zopf's conclusions. 

The most exhaustive account of tlie new views is con- 
tained in Zopfs "Spaltpilze," in Schenk's " Encyclopadie 
der Naturwissenscbaften," 1883. We will first give a con- 
densed account of his previous observations. Taking first 
Cladothrix dichotoma, he found that the pseudo-dichotomous 
threads resolve themselves by transverse division into short 
cylindrical cells, which round themselves off by degrees 
and then represent Micrococci. These Zopf compares to 
gonidia. From these, after separation, short rods (Bacteria) 
are evolved, which again, by continuous growth in lengtli 
and the formation of transverse septa, produce Bacillus- 
like threads, which ultimately resemble Leptoihrix para- 
sitica, Kiitzing. These threads, like the Cladothrix, are 
surrounded by a delicate gelatinous sheath which takes up 
iron compounds from the water in which it lives, and thus 
puts on the appearance of L. ockratea, Kiitzing. From this 
the typical Cladothrix is produced again by false branching. 
Moreover, small fragments break off and swim about, and, 
under certain circumstances, bend into a spiral ; these spiral 
forms are always articulated, and their elements are either 
rod or coccus like. The height and breadth of the spirals 
are very variable, as well as the thickness of the threads, and 
some forms resemble Vibrio, others Spirillum and Spiro- 
chseta. The Kooglcea forro, of even more than one kind, is 
also met with in Cladothrix. 

Zopf also investigated Beggiatoa alba, Vaucher, which, 
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in its Leptothrix form, after reaching a certain lengthi 
shows a slow oscillating movement. At the ends of the 
threads Micrococci arise, which unite in a zooglcea and 
also grow into rods ; pieces of the end of the Beggiatoa 
grow crooked, fall off, and form Spirillum-like fragments, 
which swim about by means of flagella. 

Again, Beggiatoa rcseo-persidna, Zopf (^Cohnia roseo-per- 
sicina, Winter), also forms Micrococci ; these cocci are of 
two si^es, which grow genetically one from the other. From 
the cocci grow threads of very varied lengths. Similar 
results obtain in Crenothrix. » 

These three genera, Cladothrix, Beggiatoa, and Creno- 
thrix, with Leptothrix, form the highest developments of the 
Schizomycetes ; in them a distinction can be made out 
between base and apex. The mode of vegetative m\iltipli- 
cation in this class of Fungi is always by bipartition {from 
which circumstance, indeed, the name is derived) ; this 
bipartition usually takes place in one direction, but occa- 
sionally in two or even three. The cells are always enclosed 
in a cell-wall ; this wall is usually composed of cellulose, 
but in a certain group, viz, the putrefactive Bacteria, it 
consists of a substance not much different from the cell- 
contents, to which the name of mycoprotein has been given. 
This shows a deviation from the vegetable cell in the 
direction of the animal cell, and accounts for the discre- 
pancies between earlier observers, some of whom, e.g. Dr. 
Letzerich, always succeeded in obtaining the ordinary 
cellulose reaction (a blue coloration with iodine and sul- 
phuric acid), while others always failed. All the genera, 
except the filiform ones, may be provided with flagella. The 
reproduction by spores has been observed, not only in 
Bacillus, but also in other forms, e.g. by Van Tieghem in 
X^uconostoc, Spirillum, Spirochseta, and Bacterium. There 
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is ttiostly only one spore in each cell. The zooglcea forms 
are produced by aggregation, combined with the same 
tendency of the cell-walls to gelatinise which is found in 
many of the lower Algae. 

As the result of his observations, Zopf proposes the 
following classification : — 

I. COCCACE*. PossessinE only the (micro- )™<:cus form, and the 

thread form which arises from the juxtaposilion of the cocci in 

a line ... ..- ... ..- .-- Letuonasioi 

II. Bactekiace.*. Possessing four fonns, cocci, bacteria (short 

rods), bacilli [long rods), and leptolhrix threads. The lost 
show no distinction between base and apex. No spirals 

Bacterium, Closlridium 

III. Leitothichb^. Possessing five forms, cocci, bacteria, ba- 
cilli, leplothrix (which last shows a distinction between base 
and apex), and spiral forms 

Leptetkrix, Beggtalpa, Crenethrix, Pkragmidiolhrix 

IV. Cl^DOTRlCHEA. Possessing coccus, rod, thread, and spiral 
forms. Threads provided with false branching (peeudo -dicho- 
tomy) ... ... ... ... ... Cladolhrix 

There is one more development of opinion with respect 
to the Schizomycetes of which mentior\ must now be made. 
The belief is gaining ground that, among the lowest forms 
of vegetal life, no such sharp distinction as hitherto can 
be drawn between those which contain chlorophyll (the 
algal series) and those which do not (the fungal series). 
This view, which is embodied in the classification adopted 
by Sachs in the later editions of his text-book of Botany, 
is approved by Cohn (see Quart. Jour. Micr. Sri., 187G, 
pp. 275, 276), and is now supported by Zopf himself 
According to the latter, such AlgEe as Glaucothrix and 
Gliothrix, etc., show Chrooco ecus- like stages of develop- 
ment which answer to the Micrococcus stage among the 
Schizomycetes. The tendency of both to aggregate in 
gelatinous colonies has been already adverted la More- 
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over, Van Tieghem and Engelmann descnbe (see infra^ p. 8 
bacterioid forms containing chlorophyll, and the n 
between Beggiatoa and Oscillaiia, both in fonn and in t 
cfaaracterisdc osdlbtiiig movement, is so great that s 
botanists do not yet sepaiute them. Again, Leuconostoc I 
differs from Nostoc solely in the want of chlorophyll, the | 
very peculiar formation of the spores being alike in both. [ 
Compare also Cohnia with Clathrocyslis. The two kinds I 
evidently form two parallel series, which may conveniently j 
be united under the name of Schizophyta. being called 
Schizophyceae and Schizomycetes respectively. They are, 
nevertheless, physiologically so distinct that there are 
decided objections to interweaving them in one series, i& 
Cohn proposed. It would seem to be proved that, in all 
cases where oxygen is given off during vegetable growth, 
chlorophyll is present; Rostatinski at one time believed 
that Hiematococcus dissociated carbonic anhydride without ' 
chlorophyll, but it is now known to be present in that Alga, I 
though masked by the red colouring matter, ^ 

There may, perhaps, be detected, in the recent spread 
of Zopf s views upon the pleomorphy of the Bacteria, a 
Ultlc of that rage for " following the fashion," which is 
almost as rife among scientific men as in the outer world. 
A review of what has taken place in similar cases before 
will teach the necessity of caution. When the swarm-spores 
of Algjc were first discovered, it was prophesied by Siebotd 
that most of the green moving Infusoria, described by 
Ehrenberg, would be found to be only similar stages of 
Other algal forms. But this prophecy has not been fulfilled. 
Again, when the doctrine of the pleomorphy of the Muco- 
rini was first started by De Bary, it was eagerly seized upon 
and its scope rapidly extended by rash observers, until in ■ 
the writings of some authors there was a confusion of sj 
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almost incredible. One writer, Carnoy, even carried the 
doctrine to the only rational conclusion which could be 
deduced from such kind of observations as then existed : 
he asserted that every species of Fungus, cultivated under 
suitable conditions, could he transformed into Penicillium \ 
But later investigators, e.g. Van Tieghem, throw grave 
doubts upon the accuracy of even De Bary's observations, 
and he himself ("Beitrage," iv. i) seems to admit that he 
was mistaken. 

There are, however, many cases of pleomorphy in Fungi, 
which may be considered as proven. We have only to refer 
to the recent victorious establishment of tlie pleomorphism 
of the Uredires, and it is natural to expect that simitar 
cases exist in other groups. But here we may learn another 
lesson. Not every Puccinia passes through the three stages 
which are typical of a Uredinous fungus; some occur in 
one form alone, so far as our present knowledge goes. The 
same may be expected to be the case with the Schizomy- 
cetes. Even if we grant that some of them do pass through 
a number of different forms, which have been hitherto 
described as genera, it need not be inferred that there are 
no distinct Micrococci, no independent Spirilla In fact, 
as evolutionists, considering that we are here dealing with 
the simplest forms of life, we might anticipate that many 
of the species would remain permanently, by arrest, in forms 
which are mere stages of development of those more highly 
evolved. Moreover, though one stage of Cladothrix dicho- 
toma may resemble Bacterium Termo in outward form, as 
Zopf asserts, it by no means necessarily follows that they 
are identical. There may be differences between them of 
which we have as yet no cognisance, for little is known 
of the internal constitution of the Bacteria. What is 
wanted now is a thorough and searching investigation of alt 
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the so-cailed species, in various media and under varying 
circumstances, with the aid of all the modem refinements 
for keeping the cultivations pure. 

There is still another speculation to which the facts 
appear to lead the way. A species such as those investi- 
gated by Zopf is called a "Protean" species, and the 
various forms are considered to be a series of adaptations 
to the eavironment, Nageli, as we have seen, carried the 
theory so far as to assert that there are no real species 
among the Schizomycetes ; and Buchner considered that 
he had transformed the harmless Bacillus sublilis by cultiva- 
tion into the virulent B. anihrads^ although his conclusions 
are controverted by Cohn, Klein, and others. Much of the 
disputation on this topic of " species " arises from the fact 
that many persons cannot readily conceive a species in the 
new light which the Darwinian theory has thrown upon it. 
There can be no doubt that new species not only may, but 
actually must, be making at the present moment. It is not 
generally recognised that, to our floriculturists, the making 
of what would, if spontaneous, be universally considered a 
new species has been a frequent occurrence. Not only is 
it probable that B. antkrads was developed from B. subtilis 
(whether Buchner's conclusions be true or false), but man, 
by a change of environment if continued long enough, 
may at any time produce a similar change in another species. 
During the siege of Paris, small-pox continued its ravagesi 
gradually assuming a more virulent and malignant forni ; 
the cause of this can only be that the micro-organism of 
small-pox was changing its physiological nature, and, had 
the conditions been constant for a suificient length of time, 
it might ultimately have formed what would be to all 
intents and purposes a new species. Pasteur's "cultiva- 
tion" of disease-germs in order to reduce their virulence 
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is only an application of the same principle in the opposite 
direction. 

It follows (i) tliat we must consider as a species any 
form or group of forms which, under present conditions, 
can be clearly distinguished from all other forms, even 
though we may know that, if the environment were changed, 
the species would change too ; and {2) that species must 
necessarily be of various ranks and of various degrees of 
definiteness, as indeed we know to be the case. And in no 
part of the scale of organised beings should we expect to 
find clearer proof and more frequent examples of this 
doctrine than among the lower Algas and their derivatives, 
the lower Fungi. 

In conclusion, it may be remarked that neither Cohn 
nor Zopf have put forward their rival systems as final. At 
the time of Its promulgation Cohn's first arrangement was 
indeed the only possible one, but he never asserted that 
all the forms which he catalogued would be found to be 
true and independent species. Zopf, on the other hand, 
does no more than devise a system in which certain newly 
discovered facts may find adequate representation ; but he 
does not pretend that it will include all Schizomycetes. 
The ultimate classification will probably be a compromise 
between the two, though the exact form which it will assume 
it is at present impossible to foresee. 

The classification of the Saccharomycetes is in as un- 
decided a state as that of the Schizomycetes, but in a some- 
what different way. In this case also there are the two 
opposing parties — one holding that most of the forms which 
have been described in Chapter II. are independent species ; 
the other, that they are for the most part only phases of 
growth of one or a few species ; but the third view, which 
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1 the case of the Schizomycetes has attracted 
otice, viz. that they are not autonomous 
lerely stages of development c 



classes, finds here f 



e folio 



: to other 



ing. 



Max Reess ("Zur Natnrgeschichte der Bierhefe," 1868, 
and " Botanische Untersuchungen iiber die Alkoholgah- 
rungspilze," 1870) is one of the most conspicuous upholders 
of the first doctrine, and his opinions are adopted by 
Dr. Winter. Hallier and Hoffmann had previously put 
forward the same doctrine of pleomorphism with regard to 
the Saccharomycetes which they held for the Schizomy- 
cetes ; and the latter, in a treatise, " Ueher Bacterien," in 
the Balaniscke Zeltung (1869, p. 305), maintained, as so 
many others have done, that the Yeast Fungi are derived 
from the Moulds ; Penicillium and Mucor Muceda were 
the most generally credited with being the source from 
which they originated. Many other Fungi are now known 
to have stages of growth in which they simulate the Saccha- 
romycetes. Quite recently, however (" Botanische Unter- 
suchungen," heft v., 1883), Oscar Brefeld has elaborated 
a comparatively new line of investigation in this respect, 
and, as no account of his researches has to my knowledge 
appeared in an English dress, they may be shortly abstracted 
here. It must be premised that it is impossible to feel 
much confidence in the results at which he arrives, as he 
can be convicted of gross carelessness in many parts of his 
previous work, and the present long and tedious treatise is 
filled ad rtauaam with peevish contentious disputations 
against De Bary and Van Tieghem and all others who difier 
from his opinions. 

Brefeld considers that the conidia of various species 
Ustilaginece exactly resemble in mode of growth many 
the forms of the so-called Saccharomyces. It is well known 
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'lat the spores of the Smuts, in germinating, protrude a 
thread from which spring tufts or clusters of sporidia ; these 
unite with one another by short transverse processes, and 
then give rise to sporidia or conidia of the third generation, 
and these to even a fourth kind. Brefeld's theory is that 
these successive generations of conidia do not merely 
resemble Saccharomycetes, but are identical with them. He 
cultivated the spores of many UsdJagineje in nutrient fluids, 
and found that the conidia to which they gave rise were 
in form and dimensions similar to those of the various 
Yeast Fungi — those of Uslilago anlherarum being ovate ; of 
U. Carbo, obiong-ovate ; of U. maydis, fusiform ; of U. bs- 
toniaz, cylindrical ; of U. Kuhniana, small and roundish ; 
of U. cruenta, filiform ; and so on. Moreover, he cultivated 
these sporidia in suitable media for numerous generations, 
and found that they reproduced themselves, so long as 
the conditions remained unaltered, with unfailing certainty 
the whole year through. A pair of Smut spores was 
induced to germinate, and the conidia which they produced 
were transported, with due precautions, into a drop of 
nutrient fluid, in which they continued to bud till the nutri- 
ment was exhausted. A few of these were then removed 
to another drop of the same fluid, and the process was 
continued for nearly thirty times, extending over a space of 
twelve months. The author considers that he has thus 
proved that these conidia can propagate themselves inde- 
finitely by budding, just like the cells of Saccharomyces, and 
he asks, " If we had commenced this series of cultivations, 
not with the Smut spores, but with the conidia which arise 
from them, should we have been able to distinguish their 
mode of growth from that of the yeast of beer?" 

As to the other morphological character of the Sacchar- 
omycetes, the endogenous formation of the spores, Brefeld 



82 Synopsis of tfte Bacteria and Yeast Fungi. 

considers truly enough, that this is more closely related 
to the formation of spores in the sporangia of Thamnidium, 
ChEetocladium, and Choanephora, than in the asci of the 
Ascomycetes, and that it is exactly paralleled by the forma- 
tion of zoospores in the conidia of some species of Perono- 
spora and Cystopus, and that similar phenomena are met 
with in the Gymnoasci. 

With respect to the physiological character of exciting i 
alcoholic fermentation, Brefeld says very little, but since 1 
the Mucor-ferment as well as other Fungi is said to possess I 
the same property, it would seem, if all these considerations i 
prove to be true, that the SaccharomyceCes will have small J 
claim to autonomous rank. To what species, however, f 
if any, they must severally be attached, as budding conidia, \ 
remains Co be determined. For the present, all this is mere I 
speculation, and the only philosophic course is to treat I 
them as independent Fungi, until the contrary is fully "1 
demonstrated. The authors who jumble up together Micro- 1 
coccus, Mucor, Ustilago, PeniciUium, Aspergillus, Oidium, I 
Torula, and Saccharomyces are not the true friends ofl 
scientific progress. 



CHAPTER IV. 

PROTEAN AND LITTLE- KNOWN SPECIES. 

The present chapter will include those described Schizo- 
mycetes which are inadequately known, or the true bacterial 
nature of which Ls undecided, together with those Zopfian 
species which could not be placed in the Cohnian classi- 
fication, 

► BACTERIUM. 

93. B. Zopfli, Kunh {Ber. Deuhch. Bot. GesdL, i., 
18S3, pp. 97-99, pL iii.). 

Observed in three forms, long leptothrix threads, rods, 
and cocci In the fluid nutrient material at ao" C. the 
rods passed into a swarming stage, and at 35° C. the swarm- 
ing motion ceased, and short oscillating threads were 
formed. When the nutrient material was nearly exhausted, 
the threads broke up into rods, and when it was quite 
exhausted, each rod divided into two cocci, which for the 
most part remained united in a figure of eigliL When 
placed in fresh nutrient material, the cocci grew again into 
rods. Division of the cocci was never observed ; they were 
round or sHghtly oval, and 1-1*25 ?■ '" diameter. 

In the vermiform appendage of two hens which had died 
of an epidemic disease. The threads were distinguished by 
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their unusual length, forming long windings, and occasionally I 
close coils. It is interesting to observe that the stages ofl 
development appeared to depend upon the quantitative B 
composition of the nutrient fluid, and that the rods wei 
the vegetative and the cocci the resting form. (Fig. 72.) 




94. B. merismopedioides, Zopf {Sitz.-Beriehi. Bot.\ 
Ver. Provinz Brandenburg, and " Die Spaitpilze,"]! 
P- 56)- 

This species forms threads of i-i'S /» in dtickness^ 

These subdivide into long rods, then into short ones, and 

finally into cocci, which have the same diameter as the 

threads. The cocci pass through a motile 

s* stage, and then subdivide, at first in one J 

*''E. 7>— sariwiBiw direction, and then in twoj thus fom 

mtriimpfcdisida the characteristic unilamellar plates, whicl 

resemble Merismopedia. These colonlei 

may increase till they consist of 64 x 64 cells or more 

which finally form a zooglcca. The cocci develop again 

into threads. (Fig. 73.) 

In water containing putrefying substances. 




95' B. aceti (Kiitzing), Zopf. 

Possesses (i) coccus forms, (2) short rods, (3) long rods, 
(4) leplothrix threads ; all four can form a zoogloja, the 
two first aiso form swarms. It is characteristic that the 
longer rods and threads 
are not always cylindrical, 
but often provided with 
irregular swellings. Such 
forms have a rather thick- 
ened membrane, and a 
grey colour. (Fig. 74.) 

Has the power of oxidising alcohol into acetic acid. 
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■n'uw Mill (after Zopf). 



»g6. B. mbeseena, Lankester {Quarl.Jour. Micr. Set., 
1873, p. 408, pi. 22, 23). 
Includes a series of forms, motile and immotile, which 
resemble one another in the possession of a common 
peach-coloured colouring matter, " bacterio-purpurin," which 
sometimes becomes reddish-brown. The author, observed 
coccus, bacterioid, baciUar, acicular, and spiral forms, in 
various modes of combination. 

In a fresh-water aquarium in which crayfish (Astacus) 
were decaying. 

Cphn considers that Menas Okenii [q.v.), which is ihe form re- 
pie^Dted by Lankester {I.e., pi. 23, Rgs. 12, 20), does not belong 10 
Ihis life-cycle, and that the other fomn belong to Cohnia rasio-periicina ; 
this is now named by Zopf Bcggiaioa Testo-fersicitta, because it possesses 
a Bt^gialoa phase, which is mentioned by Lankester himself in his 
second article {I.e., 1S76, p. 2S3). Archer also unwittingly records (he 
Beg^ialoa phase in the same journal. - GeddeE and Ewail describe 
("On the Life-Hisloiy of Spirillum," /Vac. Utry. Sac., xxvii.,'1878, p. 
4S1) a madder-brown growth, which is evidently identical with Lsn- 
keslo's, and in which Ihey have observed and ligiired the Be^atoa 
phase, without perceiving its crae significance, and mistaking also the 
sulphur Bronules for " spores." Mixed with this was a Spirillum, 
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probably belonging to the same life-cycle, in which [rue spores were 
produced ; the germination of these, nhich they observed, look place by 
the emission of a short curved tube, giving the spore n "comma "-like 
appcnmnce ; the tube soon became spiral. (See Spirillum raiacaim, 
Klein, p. 94.) 

97. B. BulfarEituin, Warming (i.e., p. 6 of the Resutn^. 

Warming gives this name to a series of fonns which 
he discovered on the coasts of Denmark, all of which he 
considers to be connected by intermediate stages. He 
includes under it Monas vinosa, Ehrenberg, M. erubescens, 
Ehrenberg, M, Wamtingii, Cohn, and Rhahdomonas rosea, 
Cohn, as well as spiral forms. His M. gracilis, moreover, 
seenis to differ merely in being more slender than Rhahdo- 
monas, and was met with only in fresh water, All these 
are of a pale pink colour, and contain numerous sulphur 
granules. It appears to be distinct from B. rubescens, 
Lankester, in alt its varieties, 

98. B. lactiB, Lister {Quart. Jour. Micr. Sci., 1873, 

• pp. 380-408). 
Includes coccus, bacterioid, bacillar, leptothrix, and 
saccharomycetoid forms, motile and immotile, which the 
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author obtained by pure cultivation of the Bacterium thai 
appeared spontaneously in milk kept in a dairy. The~| 
long rods appear to be formed by segmentation of the lepi 
thrix threads, these subdivide into short rods, and these into! 
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coed ; the cocci can grow again into threads. The cocci 
are about '5 /i in diameter, mostly in pairs or fours, or in 
chains; the rods and threads I'sj /i in diameter. (Fig. 75.) 
Producing the lactic acid fermentation in boiled milk. 
Resembles Bacillus suhtilts, (?) identicaL This is interesting, 
as being one of the earliest observations of pleomorphism 
in the Schizomycetes. 

^99. B. foetidum, Thin {Proc. Hoy. Soc, xxx., 1880, 
p. 473- Pl- 6). 
Occurred as Micrococci, singly or in pairs, i-25-i'4 /i 
in diameter. On cultivating them, with proper precautions, 
he found also short and long rods, 

and leptothrix threads, and all the ° '^ j^ ^^ gP^ 
stages of transition between these ^ \ S * 

and the Micrococci. In the rods, ''*- -fi—Bacitrium /^tidnn, 
oval spores about 1 5 /a long were 

formed, one at each extremity of a pell, as in Bacillus. 
(Fig. 76.) 

In the alkaline serous exudation from the soles of the 
feet of a person who suffered from profuse sweating of 
the feet, producing a fcetid odour, also observable in the 
cultivations, in which, however, it became gradually weaker. 

■ iQo. B. decalvans, Thin {Proc. Roy. Soc, xxxiii. p. 

■ 247. pL 3>- 

■ Occurred as minute bodies, highly refractive, of a 
definite size and fixed shape, about i '5 ^ „ 

long, usually in pairs. They became more "o"" ^ 
numerous as the hairs became worse affected "*'? 

by the disease. (Fig. 77.) ''* "V~f""" 

In and on the roots of the hairs in x &» (arter 
Alopecia areata. Dr. Thin supposes that they ^'""'^ 

letrate downwards between the root-sheath and the hair, 
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then penetrate the cuticle of the hair, and finally ascend I 
within its substance, causing it soon to fall otf. 



loi. B. Incens, Van Tieghem (Bull. Soc. Bet. Fmtut, \ 

1879, p. i4r). 

Motionless, remarkable for its strong refringence and I 
brilliancy. Each cell forms a spherical spore. 

On the surface of water containing other organisms. 

103. B. photometriciuii, Engelmann {Reuut Intemat, j 
Sci, ix., 1882, p. 469). 

Cells of a slightly reddish colour ; the author describes I 
neither their form nor size. The micro -spectroscope shows \ 
a strong absorption of al! the rays whose wave-length i 
less than ■6a ;i, especially of those between -62 and '59 J 
(orange). It is sensitive in a high degree to the influence ] 
of light (For details, see Jour. Roy. Micr. Soc, 1882, 
p. 656, and 1883, p. 256.) 

103. B. cUorinam, Engelmann lj.(., p. 376). 

Cells 2-3 fi long, motile, of a greenish colour, paler 1 
than that of a chlorophyll granule of the same size, 
presents in a high degree the tendency to accumulate in 
the light, but only when oxygen is absent ; according lo 
the author, it disengages oxygen in the light, and is there- 
fore not a Schizomycete at all. 



104. B, viride, Van Teighem {Bull. Soc. Bot. Francx, 
1880, p. 174). 

Rods minute, of a pure green colour, constricted in the 
middle, dividing frequently, and separating after each s 
mentation, but otherwise immotile. In a large number of J 
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'irods it forms spores, colourless, very refringent, of a 
spherical or slightly ova! form, like those of a Bacillus. 

In the rain-water which filled the cavity of the pileus 
of a young Polyporus, forming a thin layer. 

This can scarcely be a Bacterium. The colouring matter, according 
to Van Tieghem, is true chlorophyll. He compares it to B. luems. 

Waldter records (Bot. CaUralblatl, 1883, p. 315) a Bacterium 
resembling B. Tenno, causing the "yellow disease" of hyacinths. It 
occuned in a yellow slime in the hulbs in autonm, and in the leaves 
in spring. He calls it B. kyacinthi. 

^ BACILLUS. 

105. B. craasus, Van Tieghem {Bull. Soc. Boi. France, 
1879, p. 142). 
Cells motionless, large, resembling B. Ulna, 4 ft. broad 
during active growth, 5-6 /i when forming spores. Spores 
spherical, S At i" diameter. 

The spores of this species are the largest known among 
the Schizomycetes. It does not produce starch. 

106. B. malarise, Tommasi-Crudeli i^Atti R. Accai. 

Luuei, Trans., vi., 1881, p. 19). 
In the spleen, the medulla of bones, the lymphatic 
glands, and the venous blood of persons suffering from 
malarial fever. The evidence of the existence of this 
species is at present unsatisfactory, 

107, B. pnerperalis, Engel {Compter Rendus, Uxxviii,, 

1879, p. 976). 
In the blood of a woman who had died in childbirth. 
;el observed the production of cotiidia. 

08. B, moUuBci, Domenico {Atti R. Accad. Ltncei, 
Trans., v,, 1880). 
Resembling B. lefra. In the nodules of Mollnscum 
(ontagiosum. 
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109. B. vlrens, Van Tieghem {Bull. Soc. Bot. Franct, 
1880, p. 175). 
/ Leptothrix tenuissima, Rabenhorst 
/ L. subtilissinia, Rabenhorst. 
? Sporonema graciU, Perty. (Fig. 78.) 
Filaments slender, of a greenish -yellow colour, usually | 
immotile, but sometimes | 
moving ; cells long, 
sembling those of B. 
thracis, forming a very I 
Ti%. ji.-~Sfimmrma traciu (afict peity). refringent, oval, colourless 
spore, slightly thicker than the threads. Spores in ger- 
minating put forth a slender filament, soon septate, at first 
colourless, but becoming green like the original threads in , 
the lighL 

In stagnant water among Spirogyra. 

Perty observed the spores of ihis species, if it is identical with his ' 
Sporonema. It seems a doubtful Schizomycete. 

no. B. beriberlcaa, De Lacerda. 

This has been discovered in the blood of patients suffer- 
ing from the disease known in the tropics as beri-beri. It 
consists of cylindrical, articulated, branched (?) filaments, 
containing sometimes brilliant refringent points, which are 
believed to be spores. The filaments cultivated after 
Pasteur's method, with due precautions, and injected into 
rabbits, caused all the symptoms of beri-beri. M. de 
Lacerda believes that the parasite is originally derived from 
rice which has undergone a peculiar alteration {Lancet, 
February 9, 1884, p. 268). 

Bacillus of Cholera. 
The Commission sent out by the German Government, 
under Dr. Koch, has observed in the bodies of cholera 
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I'patients in India, yi every case, the same Bacilli that they 
found in Egypt. But it was -stilt undecided whether these 
Bacilli did not belong to the regular parasites of the gut, 
having made their way into the mucous membrane of the 
intestine under the influence of the cholera disease. Some 
of the Bacilli were, therefore, isolated from the intestinal 
contents of the purest cholera cases and cultivated in 
gelatine, so as to investigate their distinctions from other 
Bacilli In this way it was demonstrated that this kind of 
Bacillus was present in all the choleraic evacuations ex- 
amined, as well as in all the intestinal contents from persons 
who had died of cholera. On the other hand, the bodies 
of eight persons who had died of pneumonia, dysentery, 
phthisis, and kidney -disease were examined, as well as the 
bodies of several animals, and other substances aboundint; 
in bacteria, but in none of these cases was the cholera 
Bacillus found. It is also reported that the same organism 
was discovered in water from a tank, which had been 
suspected of being a source of the disease. 

I Bacillus of Syfhilis. 

' Despite the strenuous efforts which have been made 
to demonstrate the existence of a specific Bacillus of 
syphilis, it must be admitted that the evidence is as yet 
inconclusive. 

There are also described Uie Bacillus of the pnemno-enteritis of the 
pig (Klein, Prec. Key. Soc., xxvii. p. loi), which resembles £. anihratii, 
but differs in Ihe cylindiical spores, which measure only '571 in length ; 
the Bacillus of malignaot cpdema (Koch) ; B. una (Miquel) ; and a. 
Bacillus in a badgei's liver (Ebertb). 
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Zeilung, xl.. 



DISPOEA. 

III. D. Cancasia, Kem {Boi 
p. 264). 

Cells resembling B. sttbtiUs, 3'2-S /i long, -8 ^ broad, 
with a flagellum at each end. Forming long leptothrix 
threads by growth and cell-division, and then producing 
spores, which "stand oq their ends," two in each cell 
Spores round, '8 /i in diameter, afterwards increasing to i ^ 

In "kephir," a drink prepared by the inhabitants of the 
high-lying lands of the Caucasus, by fermentation of cows' 
milk. (See Nature, 1882, p. 43, anAJour. Roy. Micr. Soc., 
1882, p. 383.) 

This miiy be the result of mal-observition. In 3. subtilii, when a.l 
cell is elongated, and aboat to divide, two spores are someCimes found. J 



BEaaiATOA. 
112. B. nodosa, Van Tieghem {Buii, Soe. Bot. Frame, I 

1880, p. 176). 

Filaments colourless, very slender, motioQlesa ; ar1icul&-l 
lions shorter than broad ; no sulphur granules. At intervals J 
some of the cells become more refringent, enlarge, and f 
persist like spores, and form nodosities on the filamenc. J 
Similar monstrosities exist, according to Van Tieghem, in J 
true Oscillarias. This is not a true Beggiatoa. 



PHRAGMIDIOTHRIX, Engler. 

Differs from Beggiatoa in the want of sulphur granule* i 
and the continuous subdivision of the cells, and from f 
Crenothrix in the want of a sheath. 



Leptotkrix. 
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[13. P. nmltiseptata, Engler ("Pilz-veg. weiss. oder 
todt. Grundes in der Kieler Bucht "). 
Beggiatoa multisepiata, Engler (Silz.-Bericht. 
Bot Fer. Preniim Brandenburg, i88z, p. 17). 
Threads 3—6 p. broad, separated by transverse partitions 
into short cylinders, whose height is only one-fourth to one- 
sixth of their breadth. These discs are separated by re- 
peated transverse and longitudinal division into cocci, 
which probably become isolated. From these cocci very 

Iender threads arise which afterwards become thicker. 
I Attached to the legs of crabs (Gammarus) in sea-water. 
LEPTOTHKIX. 
I 114. L. gigantaa, Miller {Ber. Deutsch. Bot. Gesell, 
I 1883, pp. J2 1-224, p!.vi.). 

Occurred as bundles or tufts of diverging threads, which 
varied very considerably in thickness in the same tuft, from 
■5-4 It, ; threads 250 y. long or 
more, showing a distinction 
between base and apex, the 
thicker ones consisting of 
articulations, which formed 
cocci, short rods, or long 
rods, sometimes all in the 
same thread. Some of the 
threads showed a sheath, from 
which the articulations passed 
out, collecting in a heap at °J. ="W'"^oi> of tht nuead* (aftor 
the extremity. Articulations 

round, oblong, or pear-shaped ; the larger ones dividing into 
smaller, first by a transverse and tlien by a longitudinal 
septum. Some of the threads assumed a spiral form, and 
even approached Spirochjete. (Fig. 79.) 
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In the teeth of a dog suffering from Pyorrhesa alveolaris, 
and subsequently in the bite of other carnivorous and her- 
bivorous mammals, sheep, cattle, pigs, horses, cats, etc. 
The subdivision of the larger cocci and the septation of 
the finer threads were only made visible by staining. J 

This is considereii by Miller as affording a very strong proof of theiV 
truth of ZopPa theory. It resembles Btggialaa alba and Crcnothrix ■ 
Kvhmrma. Miller also founiE Ihe ^me stages in L. baccalis (see 
Fig. 2^a\ in carious teeth ; in this the cocci penetrated into the tooth 
more deeply tlian the tods, and they in turn than the longer threads 
{sapra, p. 7a}. It is to be remarked, however, that what arc here • 
called cocci, rods, and spiral forms are not the exatt counterparts c ~ 
typical Micrococci, Bacteria, and Spirilln. (See also F. Y, Clark, i4l 
Johnston's Dmtal Miscellany, 1S79, p. 447, who describes a Bacterium I 
in the teeth, l'S-3 ii long, -5 in broad, of a somewhat spiral form.) 



SPIRILLUM. 

115. S. roaaoeum, K\e\a {Quart. Jour. Micr. Set., 
■875, P- 381). 

Resembling 5. Unditla, but reddish in colour; colour*! 
ing matter insoluble in water, alcohol, or chloroform. 

Seems to be identical with S. rufum, Perty (Pritchard, ,1 
" Infusoria," p. 534), and possibly not different from the I 
form recorded by Geddes and Ewart {Proc. Roy. Soc, 1878, 
p. 482). It is distinct from S. sangiiinmtm, Cohn, with which 
it has been confounded (see also Bacterium rubescens, p. 85). 



ri6. Spirulina alba. Van Tieghem {Bull.-Soc. Bot. 
Fra'ue, j88o, p. 177), 

Absolutely colourless. Filaments very long and slender, 
resembling S. lenuissima. Coils so close together as almost 
to touch and form a hollow tube. Turning actively round 
its axis, and also oscillating laterally as a whole. 

Forming a thin white layer on the muddy bottom < 



I 
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1 abandoned mill-race. This, if the want of colour were 
not accidental, would appear to be a Schizomycele, 

CRYPTOCOCCUS. 
7. C. xanthagenicas, Freire. 
Resembling a Micrococcus, Said to have been dis- 
'ered in Brazil, in persons suffering from yellow fever. 
Dr. Freire, having cultivated this in gelatine for six 
generations, says that, when introduced into the body by 
" vaccination," it produced a mild type of yellow fever ; he 
had previously observed that rabbits and guinea-pigs, so 
inoculated, were proof against the fatal type of the disease. 

Micrococcus sp. W, Archer describes (Quart. Jour. 
After. Sci., xiv., 1874, p. 321) a "black" Micrococcus, really 
blue-black, consisting of cells rounder than in M. prodigiosus, 
arranged in twos or fours, the latter in a square, not in a 
straight line. 

SARCINA. 

»li8. S. Bolanl, Reinke et Berthold ("Die Zersetzung 
der Kartoffel durch Pilze," p. 22, pi. vii. fig. 13). 
Cells small, colourless, round or before division oval; 
some free, others collected in unilamellar 
colonies of from 4 to 24 ; 
diameter. (Fig. 80.) 

In rotting potatoes. (See Bacterium '^^^•^ ^q. 
meristnopedioides, Zopf, supra, p. S4, with ^y ^^ 

which this seems to be identical.) q S 

I have found a sbrj similar Schizomycete in Fig. ia.—SarciHii udiuil. 
putrefying slarch-paste, which difftrtd in scarcely *■ ''^ "'w o* iwo 
any respcol except its much larger s-iie, the ^'^ "j SL° h^\ 
colourless cells being perfectly round and 6-S n 

in diumeter. Il occurred singly or in pairs or fours, always unilamellar, 
the tetrads t;eiiig collected logelliet in fmniUes of 16, 24, or more cells. 
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POLYBACTERIA, Van Tieghem {Bull. Soc. Bot. J 
Frii7Ue, r88o, p. 14.9). 

Under this and the following genera, Van Tieghem J 
places some bacteria which aie probably only zooglce 
stages of other species, like Ascococcus, which 
resemble 

1 19. P. catenata, Van Tieghem {l.c., p. 150), 
Colonies naked, oval, colourless, composed of shortfl 

rods aggregated without order ; the colonies divide trans- T 
versely in such a manner as to remain attached end to end j 
in a flexuous chain. 

In a decoction of horse-dung. 

120. P. Bulfurea, Van Tieghem {U., p. 150). 
Colonies rounded or polyhedral, composed of short I 

rods of a sulphur colour; the colonies divide in two direc- I 
tions at right angles to one another, so as to form a simple I 
layer. 

On the surface of a liquid in which haricot-beans were ] 
decaying. 

PtTNCTULA, Van Tieghem {I.e., p. 150). 
Differing from Folybacteria, in the cells of which it is I 
composed being round. 

iji. P. rosea, Van Tieghem (U., p. 150). 

Colonies single, of a bright rose colour, spherical ; celts I 
round, extremely small, arranged in radiating lines and I 
concentric circles. 

nj. P. oubloa, Van Tieghem (/.<-., p. ijo). 
Colonies cubical, dividing successively parallel to t 
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face, so as to form cubical masses. Cells rather larger than 
in P, rosea, colourless, round. 

123. P. glomerata^ Van Tieghem (/.^., p. 150). 
Colonies rounded, colourless, dividing in three direc- 
tions, and remaining associated in lobed masses. 

All three forms were met with on putrefying seeds. 



ASCOBACTERIA^ Van Tieghem (/.^., p. 151). 

This consists of colonies surrounded by a thick gelati- 
nous membrane, and bears the same relation to Polybacteria 
that Cohn's Ascococcus does to Punctula. 

T24. A. ulvina^ Van Tieghem (/.^., p. 151). 

Colonies polyhedral, enveloped in a thick cartilaginous 
membrane, forming a coherent membrane like an Ulva, 
composed of short rods aggregated without order, which 
increase by bipartition. 

On the surface of liquids in which leguminous seeds, 
especially of lupin, were decaying. 



ASCOCOCCUS, Cohn. 

125. A. vibrans, Van Tieghem (/.^., p. 151). 

Similar to A, Billrothii, but the cells oscillated and 
whirled round, as in the Brownian movement. 

On the surface of water in which Beggiatoa was 
growing. 

All these aggregated bacteria of Van Tieghem live on 
the surface of fluids, and often, if not always, disengage 
ammonia, like Ascococcus. 

H 
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The following species, placed under Monas, are con- J 
sidered by Warming to belong to the Schizomycetes : — 



iz6. M. vinosa, Ehrenberg ("Die Infusionsthierchen,^ 

p. ,1). 

Chromatium violascens, Perty. 
Cells ovate, rounded at each end, very small, 2-4 fx, c 

a wine-red colour. Motion very slow a 
D ij Q '"^ tremulous. 
8 0® '"^'^ Tfie form which Warming considei 

identical with this is spherical or rooi 
^^. commonly oval, '5-4 it in length, pinkisH 
«a 0) X 6«o (after red, granidar, actively motile, with 
'— ■> flagdium. (Fig. 8,,) 

In water containing decaying vegetable matter. 



(S) 



127. M. Okenii, Ehrenberg (/.f., p. 15). 

Chromatium WeissH, Perty. 
Cells cylindrical, equal, slightly curved, abruptly rounded 
at each end; 7—15 i*. long, but, according to Warming, 
much longer, 5 fi broad, of a bright 
red colour, motile; the granules are 
pretty evenly distributed throughout 
the body ; furnished with a Sagellum, 
in the large specimens one at each 
end. Movements slow, (Fig. 8a.) 

In stagnant water. According to 
L. Olivier (Bull. Soc. Bot France, 1882, 
p. ai5)| M. Okenii, which Lankester 
admitted to be one of the forms described by him und( 
Bacterium ru/iescens, is not a Sthizomycete, but a true n 
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destitute of temazy envelope, and he places it among the 
Nudo-flagellata. 

iz8. M. Warmingii, Cohn 
Cells cyhndrical, rounded at the ends, 
pinkish, with the granules accumulated at 
the extremities; 15 /i long, 5-6 ^ broad 
(according to Warmmg), 8 /* (Cohn), with 
a flagellum. Movements rapid, but irregu- 
lar. (Fig. 83.) 1 
^L In brackish water. 



m 129. M, erubeBcens, Ehrenberg {/.c, p. 

Warming considers this identical with 
M. Warmingii, differing only in having the 
granules equally distributed; 14 /i long, 
6-7 ^ broad. 

In brackish water. 

ti3o. M, gracilis, Warming [I.e., p. 6 
of the Resume), 
Cells straight, cylindrical, slender, 
rounded at the ends, pinkish ; 60 /i long 
or less, 2 ji. broad ; paler than M. Okenii, 
with few sulphur granules. Movements 
slow; sometimes slightly curved, {Fig. 84.) 
In &esh water. 
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M. Miilleri, Warming {I.e., p. 18 of the Resumd). 
Volvox punctum, Miiller. 
Cells spherical or oval, 5"6-i5 ft long, having usually 
extremity filled with angular and very refringent 
granules, the other empty and hyaline. Granules whitish, 
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with a blue tinge and a dark border. Movements inces'f 
sant. A flagellum (?). (Fig. 85.) 
In sea- water. 

132. HL, fallax, Warming {l.c., p. 18 of the Resumd). 
Cells small, 4-5 ^ long, 3 \l broad, oval, sometimes .1 




Fig. i6.—ifimas Jailax, 



5oCaf«r 






curved or angular, and alreiost entirely filled with crystalline.! 
and very refringent granules. Movements rapid. (Fig, 86.)C 
Warming considered ihat Bome of ihcae mon^s majr be thea 
zoospores of Eeggiatoa. 

133. Rhabdomonaa rosea, Cohn. 

Cells fusiform, pinkish, granular; 20-30 /x long, 4-5 ^ 

broad. Movement slow ; with 1 
a flagellum. (Fig. 87.) 

Some of Warming's speci- I 
mens were cylindrical, 3-4 ft 1 
broad, 15-35 ^ long, or more; 1 
but he figures spindle-shaped I 
forms as well. 

In brackish and fresh water. 



APPENDIX A. 

On the Unit of Microscopical Measurement, 

It has for some time been the general practice on the 
Continent, and is beginning to be so in England, to give the 
dimensions of microscopic objects in terras of a thousandth of a 
millimetre, which is called a micro-milUmetre, and is variously 
designated by the abbreviations ^, wi^., and mmm. The first 
abbreviation, being the shortest, is the most generally adopted ; 
but there seems still to be a prejudice existing against this unit, 
from a want of knowledge of the advantages which its use 
confers or of the mode of using it. In the first place, it is 
always easier to conceive the size of any object, and especially 
to realise the comparative sizes of two objects, when their 
dimensions are given in terms of a unit smaller than either ; 
for instance, it is difficult exactly to comprehend the length 
represented by fjj of an inch, and few people can readily 
compare such dimensions as ^ and ^ of an inch. 

AH this difficulty vanishes when the dimensions are expressed 
as multiples of a small, properly chosen unit, and not as 
fractions of a large one. For this purpose a fraction of an inch 
might be adopted instead of a fraction of a millimetpc ; but, at 
any rate in measuring the spores of Fungi, ToJjnj of an 
inch is too large a unit, and lojfeoa of an inch would be 
inconveniently small. It happens that, if we take y,^ of a 
millimetre as our unit, we can express the size of the spores of 
all Fungi, and also of many other microscopic organisms, in 
the fewest possible figures. For instance, many of the Micro- 
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spores of many Myxo 
compare these figures « 



L, the spores of Penicillium about 3 m. the 
■mycetes about 10^ and so on. If we 
with the following : 'ooi mm., '003 mm., 
■01 mm., or still more with these : "00004 in. '00012 in., 
■0004 in., — we see the great saving effected in the trouble of 
writing down the dimensions, quite apart from the greater 
readiness with which they can be compared with one another. 

But perhaps the difficulty with some is that of realising and 
actually applying this unit ; I will therefore give an easy method 
by which the size of the micro -millimetre may be obtained Place 
your microscope in such a position thai the image projected 
upon a piece of white paper is magnified 254 times : this can 
easily be done by a quarter-inch objective with the use of the 
draw-tube, or by placing the paper at a greater distance than ten 
inches from the eye-piece. Let this position be marked, so 
that the microscope can be placed in it again at any time- 
Now copy on the paper, from a scale, an inch divided into ten 
parts, and with a fine pen subdivide each tenth into live equal 
parts. Then the value of each of these subdivisions will be ^/^ 
and of the whole tenth of an inch, 10 ji- If this scale be care- 
fully copied on a piece of thin cardboard or other suitable 
substance, the dimensions of any minute object, drawn by the 
camera or otherwise on the paper in that position of the 
instrument, can be easily read off in /t's. With the aid of a 
deeper eye-piece or higher objective we can magnify the image 
;oS times, and then each small division of the scale will re- 
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APPENDIX B. 

On the Staining of " Bacillus Tuberculosis." 

Professor Koch (Verk Pkysiol. GcselL, Berlin, i88z, p. 65) 
first announced ihe discovery of the Bacillus of tuberculosis. 
He placed the fluid from the diseased tissues in a mixture of 
I e. cm. of a concentrated solution of methylene blue in alcohol, 
o'2 c. cm. of 3 lo-per-cent. solution of potash, and 200 c. cm. of 
distilled water. By this the preparation is coloured blue, and a 
few drops of a solution of vesuvin are then placed on it. This 
discharges the blue from every part except the Bacilli, which 
rem^n blue in a brown Held, but are not easily seen. 

Ehrlich's method, especially as modified by Heneage 
Gibbes, is more successful. The colours used by the latter 
are magenta crystals and chrysoidin, which is a brown that 
does not stain the ground so intensely as vesuvin. (1) Take 
1 grm. of magenta crystals, 3 grm. of pure aniline, zo c. cm. 
of alcohol (specific gravity, 830), 20 c. cm. of distilled water. 
Dissolve the aniline in the spirit, and rub up the crystals with it 
in a glass mortar, adding the spirit gradually till they are all 
dissolved ; then add the water slowly, while stirring, and keep 
in a stoppered bottle. (2) Make a saturated solution of 
chrysoidin in distilled water, and add a crystal of thymol to 
make it keep. (3) Make a dilute solution of commercial nitric 
acid, one part of acid to two of distilled water. Spread a thin 
layer of sputum on a cover-glass, and let it dry ; when quite dry 
pass it two or three times through Ihe flame of a small Bunsen 
burner, and let it cooL Filter two or three drops of the magenta 
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solution in a watch-glass ; place the cover-glass, with the 
sputum downwards, on the stain, taking care that there are no 
air-bubbles under it. Let it remain for fifteen or twenty 
minutes ; then wash in the dilute acid till aU colour has dis- 
appeared. Remove the acid with distilled water ; then place the 
cover-glass in the same manner as before on a few drops of 
chrysoidin, filtered into the bottom of a watch-glass, and lei it 
remain for a few minutes till it has taken a brown stain. Wash 
off the superfluous colour in distilled water, and place the cover- 
glass in absolute alcohol for a few minutes. Then remove and 
dry perfectly in the air, and mount in a solution of Canada 
balsam. The Bacilli are visible with a quarter-inch objective. 
(See Lancet, \\~, 1SS2, p. 183.) By this process aiAy B. tuber- 
culosis is stained, the ordinary putrefactive bacteria remaining 
colourless. 

Prideaux {l-e,-, p. 1 138) uses methylene-blue instead of 
chrysoidin for staining the ground ; by this means the Bacilli 
show up red on a blue background. The process may fail if the 
solutions are at a lower temperature than loo"" F., and Professor 
Brun recommends that the sputum should not be exposed to a 
greater heat than 176° F, If gentian violet be used, after the 
nitric acid treatment, the putrefactive bacteria will be stained, 
and not the tubercle bacilli, which are thus strongly differ' 
entiated. The latter are also stained by fuchsin. 

The following is Heneage Gibbes's rapid method of demon- 
strating B. tuberculosis without nitric acid. Take of rosanilioe 
hydrochloride z grm., melhyl-blue 1 grm. ; rub in a glass 
mortar, Then dissolve aniline oil 3 c. cm. in rectified spirit 
15 c. cm. ; add the spirit slowly to the stain til! all is dissolved ; 
then slowly add distilled water 15 c. cm.; and keep in a stop- 
pered bottle. Place a few drops of the stain in a test-tube, 
and warm ; as soon as steank rises, pour into a watch-glass, and 
place the cover-glass as before. After four or five minutes wasii 
in methylated spirit till no more colour 
thoroughly, and dry either in the air or 
Mount in Canada balsam. A section of tiss 
can be treated in the same way, only it mui 
for several hours. 



I 



comes away ; drain 
over a spirit-lamp. 

ue containing Bacilli 
it be left ii 
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APPENDIX C. 

Diseases produced by the Schizomycetes. 

The following classification of the Schizomycetes and the 
diseases produced by them, arranged according to Cohn's sys- 
tem, was read before the British Medical Association, by Dr. 
Julius Dreschfeld, in 1883 : — 

I. SPHiEROBACTERiA (Miciococci) : Spherical or oval cells, rather less 
than I /A in diameter, occurring singly or in pairs (diplococci) or 
in masses (zoogloea). 

a. Chromogenous — M, prodigiosus, 

b. Zymc^enous — M. urea, 

c. Pathogenous — In the following diseases : — 

Acute abscess. 

Pyaemia. 

Septicaemia. 
** Septicaemia in mice (Koch). 
** Erysipelas. 

Osteomyelitis. 

Endocarditis ulcerosa. 

* Diphtheria. 
** Gonorrhoea. 

* Pneumonia. 

Cerebro-spinal meningitis (Aufrecht). 

Cerebral meningitis (Leyden). 

Acute yellow atrophy of liver. 

Variola. 

Scarlatina. 

Measles. 

Typhus (Mott). 

** Those diseases in which it is fully established that the micro- 
organism is the causal agent ; * those in which it is less fully proved ; 
the rest are doubtful. 
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SyphilLs (Birsch-Hirschfeld, Klebs). 
Dysentery (Prior). 
Whooping-cQUgli {Burger). 

; small cylindrical or elliptic rods, occurringsi 
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in pairs 
a. Chromogenous — Bacterium syttxanlhum (in yellon 

B. lerugincium (in blue pus). 
*, Zymogenous — B. Tirnto (in putre&ction). 

B. lAneola (in st^nant water). 
Mycodirma acsti (in acetic acid rermentation)J 
c. Pathogenous — In •• Septicemia of rabbits (Koch). 
•• Chicken cholera (Pasteur). 
Typhus? (Klebs). 

III. Desmobacteria. 

I. Bacilli : longer rods, often showing the formation of spores. 

a. Chromogenous — Bacillus ruber (in boiled rice), 

b. Zymogenous — B sublilk (in hay infusion). 

B. bulyricus (in butyric acid fermentation), | 
i. Pathogenous— In the following diseases : — 
** Anthrax. 
" Glanders. 

" Septicemia in mice (Koch). 
Malignant tcderaa of animals i 
Meal-poisooing in man (Klein 
Typhoid fever. 
Malaria. 

Diphtheria (Klebs). 
Lepra, 

" Tuberculosis (including tuberculosis, phthisis, scrofubj 

tupus, and heart-disease of animals). 

3. Lbptothrix : longer rods and fibres, often occurring in bundle 

and found in the saliva, etc., L. bvccalii. 

IV. Sfirobacteria : threads forming spirals. 
1. Spirillum : spirals rigid ; S. serptns (in stagnant fluid; 
3. Spiroch.«ta ; spirals not rigid. 

In the tartar, and in caries of the teeth. 
*" S. Ohofiuicri (in relapsing fever). 
Actinomyces, which is introduced 
DrescWeld, is a Hyphomycete, and does 
of Fungi. 
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The references are to the pages. The names of genera and species 
quoted as synonyms or mentioned in passing are printed in italics. 



Acetification, 65, 85, 106 
Actinomyces^ 106 
Alcohol, 57 
Alopecia, %^ 
Ammonia, 9, 15, 97 
Anthrax, 30, 106 
Aphtha, 66 
Ascobacteria, 97 

ulvina, Van T.y 97 

Ascococcus, 15, 96 

Billrothii, Cohn, 15 

mesenterioidesy Cien., 16 

vibrans. Van T,y 97 
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Bacillus, 26, 89 

Amylobacter, Van T,, 29, 50 

anthracis, Cohn^ 30 

beribericus, De Lac^ 90 

crassus. Van 71, 89 

erythrosporus, Cokn, 33 

formation of spores, 3 

germination of spores, 4, 28 

leprae, Hansen, 32 

malariae, Tomm,, 89 

moUusci, Dom , 89 



Bacillus of cholera, 90 

of syphilis, 91 

puerperalis, Eng,y 89 

ruber, F. et C, 33 

subtilis, Cohn, 3, 27 

suisy Detmers, 13 

tremulus, Koch, 28 

tuberculosis, Kochy 5, 45, 
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Ulna, Cohny 30 

urecBy Miquel, 91 

— virens, Van T.y 90 
Bacteria, aggregated, 96 
Bacteriaceae, 75 

Bacteridiumaurantiacuniy Schr., 8 
cyaneumy Schr., 9 

luteunty Schr., 8 

prodigiosunty Schr., 7 

vtolaceunty Schr., 9 

Bacterio-purpurin, 18, 85 
Bacterium, 22, 75 

aceti, Zopfy 85 

seruginosum, Sckr.y 26 

chlorinum, Eng.y %S 

decalvans, TTiiny 87 

— foetidum, Thiny 87 

fiisiforme. Warm,, 25 

griseumy Warm., 14 

hyactnthty Wakk., 89 

lactis, ListeTy 86 

Lineola, Cohny 24 



^^H Index. H 


^^^K Bacleiium litoreum, Warm., 2^ 


ChroHiBbacUriumvinla^eum, Berg, 


^^H lucens. Van T., S8 


26 






^^H 


C^ffMivijfiwj, 75 


^^H Navicula, R. el B., 25 


Cladothrix. 40, 75 


^^^H photometricum, Eng., 88 


dicholoma, Cehn, 41, 73 


^^^H rubescena. Lank., 17, 85 


FbiEleri, mnt..Ai 


^^H sulfiicatum, IVarm., S6 


Cl<Uhr<Kystis, 17 


^^^^H syncyanum, Schr. , 26 


arusini>sa, Heni., 17 


^^^H mxanthuin, S^Ar., 25 

^^H Termo, JJuj., 10, 23 


TBseo-persiiina, Cohn, 18 


Clostridium, 75 




butyrkum, Praim., 29 




Coccaceae. 75 


^^H Yiride. Tun T.. 88 


Cohnia, 17 


^^H Zopfii, ATurtA, 83 


roseo-persicina, Winl., 17, 


^^^H Beer, fErmenlation of, 59, 61, 62 


74 


^^^^H Beel.root siigai, 1 G 




^^H Bc^giatoa, 36, 75 


Cienolhrix, 54, 75 


^^H alba, 7V«.., 36. 73 


KUhraana, Zopf, 55 


^^^H mirina, Cc*«, 37 

^^H arachnoidea, ^a«., 3S 


pdyspora, Cohn, 55 


Cryptococcus 


^^H leplomiuformis, Trrt*., 3S 


— ^ areoisia, KUU., 58 


^^^H minima, (f'arm., 40 


femtetUum, Kiiti., 58 


^^^V mitabilis. Coin, 39 


glulims, Fres., 63 


^^^B mtdtiapiala, Eng., 93 


gultulalus, Rob., 66 


^^H nivea, A'oi. , 37 


lanlhogenicus, Freire, 95 


^^H nodosa, F'sm 71, 92 




^^T (ErstidtH, Rah., 37 




^^ pelluciila, G>*>», 38 




I punctata, Tiev., 36 


D 


rasio-persici'ia, Zopf, 18, 74, 




L ^s 


Desmobacteria, 69. 106 


^^^^_ l[grina, Jiab., 39 


Diphtheria, II, 105. 106 


^^^^^ Beh-bnl, 90 


Diseases produced by Schuomy. 


^^^B Blood-rain, 7 


cetes, loj 


^^H Blue milk, 26 


Dispom, 92 




Caucasia. A'tr«, 92 




Drihsiphon Jtilianus, Zuk, 72 


^^1 


Dysentery, tob 


^^^r Caries dt the teeth, 35, 44, 94, 106 


E 


1 Carpanyma afaculalum, Eng., 62 
^ Celluloae fennenlatioii, 29 




Erysipelas, 105 


1' Chicken-cholera, 13, 106 




^ Chinch-bug, 13 




^^^1 


^^^ Cholera, 13. 90 




^^^H Chromafinm violasctm. Pert;, 98 


FermentAlion, 57, 6f .^^^^^^H 


^^H Wmtii, Ferty, zo, 98 


alcoholic, 57 ^^^^^H 
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Fermentation, but)rric, 28, 29 

lactic, 87 

of beer, 59, 61, 62 

— of cellulose, 29 

of milk, 92 

of starch, 10 

of tomatoes, 62 

'■^— of urine, 9 

of wine, 60, 61, 62 

Fire-blight, 10 



Gattine, 14 
Glanders, 106 
Glaucothrix, 75 
Gliothrix^ 75 
Gonorrhoea, 105 



H 

HamatococctiSy 76 
Hog-cholera, 13 
Hormiscium 

album, Bonord., 63 

cerevisia. Bail, 59 

cerevisia, Bonord., 64 

vinii Bonord., 64 

Hygrocrocis Vandelli, Men., 36 
Hypheothrix Kuhniana^ Rab., 55 



K 



Kephir, 92 



Lactic fermentation, 87 
Leprosy, 32, 106 
Leptonema niveum, Rab., 37 
Leptothrix, 34, 75 

buccalis, Rob., 34, 94 

gigantea. Mill., 93 

•-— Kiihniana, Rab., 55 
— Lanugo, Kiitz., 35 
ochracea^ Kiitz., 73 



Leptothrix parasitica, A«/0., 35, 73 

pustlla, Rab., 35 

subtilissima, Rab., 90 

r- tenuissima, Rab., 90 

Leuconostoc, 16, 75 

mesenterioides, Van T,, 16 



M 

Malaria, 89, 106 
Measles, 13, 105 
Melanellaflexuosa, Bory, 47 

Spirillum, Bory, 50 

Merismopedia 

Goodsirii, Hus., 20 

hyalina, KUtz., 22 

litoralis, Rab., 21 

urincB, Rab., 21 

ventriculi, Rgb., 20 

violacea, KUtz., 22 

Merismopedium 

chondr&ideum, Witti., 22 

Reitenbachii, Casp., 21 

Microbacteria, 69, 106 
Micrococcus, 6, 13, 95 

amylivorus. Burr,, 10 

aurantiacus, Cohn, 8 

^— black,^ 95 

bombycis, Cohn, 12 

candidus, Cohn, 10 

chlorinus, Cohn, 8 

Crepusculum, Cohn, 10 

— — cyaneus, Cohn, 9 

diphtheriticus, Cohn, 1 1 

— fiilvus, Cohn, 8 

— gallicidus. Burr,, 13 

griseus, Wint,, 14 

insectorum. Burr,, 13 

luteus, Cohn, 8 

^-^ ovatus, Wint,, 14 

prodigiosus, Cohn, 7 

septicus, Cohn, 12 

suis, Burr,, 13 

^— toxicatus. Burr,, 15 

ureae, C(p^«, 9 

— ^ vaccinae, Cp^», 1 1 

— violaceus, Cohn, 9 
Microhaloa rosea, KUtz., 17 
Micro-millimetre, 10 1 



^^H^ no ^^^^^^^^^^^1 


^^^^ Microspkura vaedtur, Cohn, 1 1 


^^^^^H 


^^^B Micrasporon aplicum, Klebs, 12 


p 


^^^B Micnmma bombyds, B^cb., 12 






PalmeBa infuiienum, Ehr,, ai 


^^^H Moulds, 2, gS 


mirifica, Rab., 8 


^^H Monss, 98 


/ra^^fi,,^, Mont., 7 


^^H Cripusculum, Ehr., 10 

^^H enibescens, Ehr., 86, 99 


P>dmcUi«aJhccuhsa, Radl.. 55 




^^H f^lax, M'aroT., 100 


PithogeoouB species, j 


^^B gradlk, »'Rrvi., 86, 99 

^^H Mullen, Warm., 99 


Pdbrine, 14 


PenidlHum, 77, 80 


^^H Okenii, Ehr., 20, !J5, 9S 


Fhrogmidiothiix, 75, 92 


^^^H prodigiosa, Ehr., 7 


multiseptalo, Eng., 93 


^^H Tirmo, Miill., 23 


Phlhisis. 32. 106 


^^H vinosa, £«>-., S6, 98 


PhycochromaceK, I, 34 


^^H Wannmgii, Cohn, 86, 99 


Pleomorphy, 76, So 




Plturotoccus raseo-ptrsicima. 


^^^H Mucoi-fennent, 67 


Rab., i? 


^^^H Mucorini, 76 




^^H Muc^ Mu^tdo, Linn. , So 




^^m rarmojBi, Fres., 67 


Polybacteria 


^^H Mycoderma 


catenata, Tan T., 96 


^^^H eirniisia, Desm., 64 


sulfurea, fan T., 9b 


^^H e.,m, Desm., 64 


Protean species, 78, 83 


^^^H Mfconostoc, 4t 


Protococcus roseo-perHciiaa, Kutz> 


^^^H gn^riam, Co>in, 42 


17 


^^H Mrcoprotein, 74 


Punctula 




cubica. Van T., 96 




glomerata. Van T., 97 




rosea, fan 7;, 96 


^^1 


Pus, blue, 26 




Pustukmiligoa, 31 


^^^^H Nostnia bombyeis. Nag., 14 


Putrefaction, lO, 23 


^^^1 Nudo-flogellata, 99 


Pyiemia, 12, 105 




lyjirhoea, 94 


^^1 


R 




Recurrent fevci, 44, 106 


^^H f7rV>'<<« oBuani, Rob., 65 


Rhabdomonas 




rosea, Cohn, 86, 100 


^^^H yenmsis, Wat., 53 








^^H Oai-A^0 


S 


^^H 0/«i,, Vauch., 36 




^^^H araihneidea, Ag., 3S 


Saccharomyces. 58 




albicans, Rtess, 65 


^^H A^'Bfl. Rom., 39 


apiculatus, liiiss, 62 


^^H vtrsaCilis,}i.'i.U.,z% 


cereviiice, Mty., 58. 67 
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Spirillum volntaos, £*r., 50 


Reiss, 6o 


robustum. Warm., 51 


coprogeoui. i'-./J., 66 


Spirobacleria, 70, 106 


elllpsoideus, ^««, 6o 


Spiroehsla, 43 


exieuus, Russ, 6l 


Cohnii, IVinl., 44 


formation of spores, 57 


Ijganlea, Warm., A$ 

Obermeieri, Cohn, 43 


glulinis, CMb, 63 




pUcatilis, Ehr., 43 


j«wwr, Eng., 59 


SfirochnU 


Mycodecma, Rass, 64 




oki, fa« 7:, 67 


drntium. Mill., 44 


Paslotisnus, Reess, 61 




sphaeiicus, Sacc,, 62 


Cohnii, Wfl™.,46 


Saccharomycetes, 57, 79 


volubilis, Artj., 45 


Sarcina, 20, 95 




hyalina, Wiiit., 22 


alba. Van T., 94 


litoralis, Wi«., 21 


plicatilii, Cohn, 43 


Reilenbachii, W^i«/., 21 


tenuUaima. Kiiti., 94 


rents, Hepworth, 21 


Splenic fever, 31, 106 


solani, S.UB., 95 


Spores, germinalion of, 3, 17, 28 


urins, Wekk.,11 


reproduclion by, 3, 57, 74 


ventriculi. Good., 20 


Sfioronema ^aaU, Perty, 9a 


Scarlet fever, 13, 105 


Slaining fluids, 103 


Schuotnycetcs, I, 68 


Starch, fermentation of, 10 


SchizophyceK, 76 


in fungi, 29, 50 


SchuophytEK, 1, 70 


Streptixoccus, 70 


Schlaffsucht, 12 


Streptolhrix, 40 


Scrofula, 106 


^BWtoj-, Cohn,4l 


Septicsemia, 12, 105, 106 


Symphyothrix nivta, Btiie., 38 


Silkworm disease, 12, 14 


Syphilis, 13, 91, 106 


SmaU-pox, II, 105 








Sphfljrotilus, 53 




natmiE, ^aVs., 53, 56 


T 


ocbraceus, Brib., 54 




Spirillam, 46, 94 


Teeth, decay of, 35, 44, 47, 94. 
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Thrush, 66 


Jenense, »■/«/., 53 


nnila, 32, 67. 73 


plualilt, Duj., 43 


terniiiiic, Turp., 58 


rosaceum. A7«», 94 


Tuberculosis, 32, 106 




Typhoid, 106 


ru/um, Perly, 94 


Typhas, 13, 105 ^^_ 


Rugula, WiB/., 47 




sanguinwim, Cohn, 51, 94 




serpens, Win/., VJ 


^^^H 


tcnue, £*/-., 43, 48 




Undula, £hr., 42. 49, 94 




litorale. fVarm., 49 


Urine, 9, 21,91 ^H 
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Variola, 1 1, 105 
Vibrio^ 46, 69 

cyanogenus, Fuchs, 26 

Lineolay Miill., 24 

prolifeTy Ehr., 49 

Rugulay Miill., 47 

serpens y Miill., 47 

Spirilluniy Miill., 50 

subtilis, Ehr., 27 

syncyanusy Ehr., 26 

synxanthusy Ehr., 25 

tremulans, Ehr., 24 

Undula, Miill., 49 

xanthogenusy Fuchs, 25 

Vibrion kutyriqucy 29 

Vinegar, formation of, 65, 85, 106 

Volvox punctuMy Miill., 99 
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Woolsorters* disease, 31 



Yeast, 59, 60 

Yeast Fungi {see Saccharomy- 

cetes) 
Yellow fever, 95 
Yellow milk, 25 



Zoogalactina imetrophay Sette, 7 
Zooglcsa, 3 

Zoogloea TermOy Cohn, 23 
Zymogenous species, 5 
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A Complete lllustpated CatBloBuc 
to tho National Qnllery. Wilh 

lUu^K. 'DeiyBiSJdOTbilrap, 3*"" 

ThaPsPi«Saion,1BB4. WilbovErjoo 

The Art Annual, 1883-4. Edllcd by 
F, G. IlL-iiis. WEIU 300 full-pttj;« 
LlDatralioni. Demy Svo, El. 

Bocoaoclo'fi Decamaron ; or, 

ThoWas W«ioht, F.S.A. Wiib PoflrBit, 

■ud Stothacd's beauiiful Copper- 

1 pUna. Ct.8TO.olotlieilrii,BUl,7».M. 


Br*et Harto, Works by: 
Bret Harte'a Collected Works. Ai- 
ranged and Rnrised by the Aullior. 
Complele in Five Vols-, crown Bvl,, 
doilie.tra,6s.eacb. 

DRAUAi-fc'w'DMs. w'h Slil i^r- 
trail, and lottoduclion by Aulhor, 

RoARiHC Caup, and'olhcr Sketches 

— BOHKKIAM PapEBS — SfAKISlI 
ABB AUEBICAK LkOEHDS. 

Vol. III. Tales ov thh AsuoNAfis 

— GitSTCRH Seetchee. 
Vol. IV. Gabiibl Cohrov. 

Vol. V. StOKIKB - CONDESSED 

Novels, &c. 

The Select Works or Bret Harte.in 
Prose and Poelry. Wilh Inlroduc- 
lory Essay by J, Si. Beli.ew, Porliail 
of Ihu Aulhor, and ju IMiiBiration^. 
Crown Bvo, cloth eilra, Ta. Sd. 

Gahrlol Conroy: A Novel. Posl Bvo, 

Slorigs. Post Svo, illuslrattd boards. 
The' Twins of Table' Mountain. Fcnp. 

bkelchfls. PoslBTo,illiiaI.bds„2a, 

jBtr BrlM»'» l-o''0 Story. Fcap Svo. 

picture covor,lI.: clolti eilra.IS.Sl. 

Ca'lfomlon Stories Jlncluding Thk 

BRiQ*'os's''Lo"^*SroRTr"c!)' PoV. 
ilvo. iUaitralcd boards, ii. 



BOOKS PUBLISHED BY 



Brewer (Rev. Dr.), Works by ; 

Referencea, Plots, and Staples! 
Tliird Editiad, revised IbrDUKliout, 



Buchanan's (Robert) Works: 

iuGHES, down Bvo, dome 



iclu: [mil 
alic. Crow 



Crown flvi 



I ho Chrislia 
ha Marty PS 



uiia. U. BO. 
Latterm on NaturaJ Mulo. 



avo, cloth eitca, Gi 
i-Book: Seleelion 



Bri I lat-Savarln.— Gastronomy 



nine.— The Pied Piper of 
elln. By Robhht Bsown— ' 

.. by GEDBtB ClBLlMH. 1. 



Burnett (Mrs.), Novels by: 

Surly Tim, and other Sioiiea. P< 
livo,i!lu51raied boards. Si, 



picmre cover, Ifl, 

Burton (Captain). Works by: 




CHATTO &■ WINDUS, PICCADILLY. 

Chatto&Jackaori.— ATroatlsB 



Bunyan'a Pilgrim's Progr^ai 
EdiiQ.1 by Rev, T. ScoiT. Wiih 
Sieel Plalas by Stothabd, cnerav. 
l.yGooD*l.I..andBUinc[0.lsWocidcn( 
Crown Bvo, elotb eitra, gill, 7a, Bd. 



MnORE. A RepriDt of the Ot[ginal 
Edilion, newly reviacd. with Twelve 
full-nagB Plata. Crowa Svd, ololh 
Ditra, gilt, It. 60. 

Cameron (Commander) and 
Captain Bui'ton.-To the Gold CoBflt 
for Gold: A Personal Narraiivc fly 



r by Henrv G. Bohh; 
[lluslratioDs. A Rcprim 
evised Edition. Lrarge 



Campbell.— White and Black: 



fw Chalca of BookB. BvTiidsias 
„«LVLE. WilhaLifeoflheAalhor i 
KR. H. SHErHBBU, New boA Re. 
1 Edition, past tTO.cl 
■ -S.M. 




City (The) of Dm 



da. 23. 
Collins (C. Ailston) The Bar 

sinister; A Slory. By C. At-Lstos 
c'oLi.iNb. l'o3lSvD,illusiraledboard:£. 

Collina (Mortimer Jc Frances). 

Novaioby: 

FpancBS. Posl'svo, illust. bd9,,!B. 

itil-Xlud LMrd5?to,?''«o™ B™' 
i:lo1li eitr^i. 3b. M. 
The VliiQge Comecly. Post Bvo, iilml 
boards, £«.• cr.dvo, cloth ctitu, 3b. BO. 

boards, 2«.;cr.Svo,'e:lotheitra,'3l.8d^ 

Collins {Mortimer}, Novels by : 

listed Imards, 2>. '■ crown *vo', clolii 
eiira, 3e. td. 
Transmiaralion. Post Bvo, ill ustr:i led 
boards, lil.i crovra 8to, clolh tsua. 



Cofman's HumopoijB Works: 

■■ Broad Grina," " My Nighl^wn and 




ccbyHoCAUT 
, gilt, Tl. 61. 



BOOKS PUBLISHED BY 



Collins (Wllkle). Novels by. 



by A. CoHCAMiN, and 
Th« Woman In White. 



Poop MIh F1> 
C. Du M.M, 



G. Du Mm 
The Law Bi 

by S. L. Fi 
The Two D 



ChcapBrEdit.,ct.Bva,cloIhextrn,Si. 

Nl|ht» «l the Pl«y: A View of tha 
English Sligs. New and Cbaupcr 
Edilion. Crown Svo, clolU vMn, 6i. 

Leo; A Novel. FosI Bvo, illuslraled 



Copyfight. — A Handbook of 

Engllih end Foreign Capyr1|>ht In 
Literary and Dramatic Work*, ity 



Cornwall.— PopularRomanccs 

of the Weit of England ; or, Tl»j 

ofOldCotnwall. Coriectod'yn.i't'.i'i'i"',! 
by ROBEKT HUBT, P.KS. Nnv 3,..\ 
llevised Edition, with Addilior,... ^r.A 
Two SlEEl.plale lQu»traiio"5 by 

' el"h"2nra.T>!sa'"' """* '"' 

I Creasy.— Memolrsof Eminent 



e Lady. lUuBltatsd 
itBl. llluattated by 



Sa. 6d. 

Convalescent Cookery : 



Conway (Moncure D.|, Works 



The WKftdcrlnl Jew. 



EBitilM^iheWortd? 
lib eitu, (ill, with C 



Crulkehank (Gsorge): 

The Comic Almuiuk. Ci 
Two Seriec : The Fiut uet 
to 184}; tho Skcosb irom I 
liil. A Giiberina ol Iha 



Woodc 



.BEIT SUITK, A'DlCKB 

Bkouoh. Sc. Will k.^ 
IS Bod Steel Bomiviaaafl 

c"o«o'b»d, elolh gilt, tm 
volnitira, Ti. SO. each. 
Ihe Liniof OeoPge Omlkihank. L 
BtJiicH*KB jEimoi.i>. AulbM 1 
-The Life of Napalooi *" " " 

With U Illaalrallnii. _ 

ctii=it«r Edition, enlui^. wiik Ai 
il Plates, aod ■ '-" 



ilional Plates, aod b vcr j oi 
ompiled BiblioETaphy. Croi 



dolbei 



Asii. Crown 8vo, cloth Mirfa,Ti.S 
1 Large Papur copliH, a—'-" 
inled CD hand-made jpape 



CuBsana.— Handbook of Her- 
aldic ,- with Instrnclipns for Ttaoing 

MSS., &C By John E. Cusbahb. 
Hntirely New and Revised Edition, 



Dickens (Charles), Novels by : 
" at Svo, illuslrilcd boirds, Is. each. 

Pickwick Pbiwpb. I Olivei- TwiBt. 
ha Speoshes of Charles Dickens. 



Cy plea.— Hearts of Qold: 
Novel. By Witi.MvCvPLKS. Crown 

Daniel MerHe England In 

th» Olden Time. By G HOUSE D>NmL. 
Wilh 11 lustra lions ty Kobt. Cnum- 1 

3HANE. ClQWD SvO, CiDth eitlB, 3l. Sd. 



'he SpeaphB 
iaji-iS?o. W 



. WiiliaNew bibliography, 

hyRir^HAUo'HBHNE Shep- 



■SfE 



s Davbk 



eltm, 10s. ed. 

DIctionarlee : 

A Dictionary of Miracle*: I 



np, Sg. Bd. 

Davles (Or. N. E.), Works by : 
Onn Thsusand Medical MaxImB 
Crovra Svo, Is. ; doll:, Is. Gd. 

c7owaSvo?la.'; clo'ih. la^Bd. 

n} Cor 

;iier hlth 

hii and Notes, by tbe r 



DeMalstre.~A Journey Round 

My Boom. By X*v:Eit be Maistbe. 



Oe Miile.— A Caatle in Spain. 

A Novel. ByjAxesDE MiLtE. Wiib 
a Froptiipiece. Crovro Svo. doUi 

Derwent (Lelth), Novels by: 

Ultra, 3l. 6d. : post Bvo, iliusl, Ixis., £l. 



iREWCR, LUD. L'rowD 
Ia,7B.Ba. [/mmfdriutlj'. 

■ -*■■ toihoPlay 



l'laywriehls.PlByers,aad Playhouses 
nf liie United Kinsdoni and America, 



Storlae. By llio 
I.L,D. Tliird 
■hroughoitt, »iLk 



a Complci, 



LsUBh allf- 



clalb eilra. 7s. Sd. 

Short Soylnaa ot Great Men. Willi 

Hiiloncal and Eiplanatory Notes. 

By SiiuuEL A. PCNT. M.A. Uemy 

The SI one Dictionary: Etymological, 



Uvo, cloU 



a, Go Bd. 



Walters Uy Eliezsk 
Cioiva Svo, balf-bouoit. 



Dobson (W. T.). Works by 



Inlanultics 
I'oai «»n, clc 

- Memories of 



BOOKS PUBLISHED BY 

Early EngWsh Poeta. Edited, 

■ D. Crown 
Voliim.' 



otioCIca: 



th boards, ei. p 

■ (Oil**, B.O 

One Vol. 



1 Comi 



PoBniB. Thm 
ISlr Philip) Csmi 



Drama, A Dictionary of the. 

- ■ ig a comprrhcaaivo Guide lo llie 
s, riayivrlghU, Players, and Play - 
,GS oflhe Unile" "' ■" 



m the: Eailiesi lo ili 
I HUM. By W. Dave 
. {Uaiform wllh Bre 
el's HaadbuDk") Crow 
und. 12l. Sd. Uapnfa. 



Ban JsnBon'a Work!. VVIIb Notn 
Critical and ExvtioiXan. and a Bio- 
Krapbical Momolr by \Vm. GitFi)>i<. 
£di<ed bv Colaael Cvkmiichau. 
Tliroe Volt, 

ChBpman'a Worlis. Complclo in 



Emanuei On Diamonds and 

Pn)olouBSlonM:llisirHislar»,V«lu». 
and Pfoporlics; iirith SlmplnTesH |or 
flseqrlamiOB Ih.-ir Reality. By Kahv 
Ehahitel, F.R.G.S. Wllh nooiemut 
Illuhtrations, liatsdandplain. Cn>«-B 
tlvopclothcilr^, gill, Ss. 

Englishman's Houae, The: A 

Pmctical Cnidc, to all jiitnmtrd i» 

full Esliinatcs of Cost. Quutiii». &,:' 

ByC.J,RicH*«D<iOs. Third Edition,™ 

With naarly 600 lllu.-tislioPB. '' ■ 

8vo, cloiheiir»,7i.Bd. 

Ewald {Alex. Charles. F.S.A.); 

Wol-ki by: " 

StorliB flvm tba Stale Panrrri 

WKhan AniolypaFae^mile. CroiW 



Dysr. — 

Plants. 
M.A., & 

Ti.64, 



Folk - Lora of 

F, THlSEt-TOM DlUB, 

[/■ prrpiiralioii. 



Eggleaton.— Roxy: A Novel. Bj- 

Eiiw«ac.Eooi,tcSToK. Pom Bvo, filial. 
toarrls.Ya ; tr Bi-o, cloth ettra, St M. 



Eyes, 


Th«.- 


How 


to 


tlR»« 


nifH 














































J 



Falrholt Tobacco: Ii 

tory and Associaliona; witl 
cDunl of the Plaal and il 

fictiite.aqd its Modflj of U_ „ 

Ages and Coantrie* By F. W. Foil- 
110..T, F.S.A. With Coloured Ftor-- 

lioM by the Author. CrnwD Svo, c! 



CHATTO &■ WINDUS, PICCADILLY. 



iiiclailing Ihe Naa 



Fin-Boo. — The Cupboacd 

Papon: Dbiervalions on the Art ot 
l.ivine md Dinbg. By Fm-Buc. I'osI 
xva.<:TaIhliiup, Zl.Bd. 






Little EsBi^a: PaaiaRM from llie 
Lcilera dT Chaoles Laub. Poll 



a Donna. | Never ForEotten 



Frep«.— Pandurang Harl ; or. 



Memi 



n nine) 



by Sir H. Bartle Fi.t:bf, G.C.S.I., 4t. 
Crown 8vo, riolli v<iia. St. Sd.: uosi 
ato^ilJuslraleithMrds. la, 

Friswell.— Oneof Two: A Novel. 
By Main FnjswELU Post Bvo, illus- 
trated boards, 2l. 

Froat (Thomaa), Works by: 
,. = ..... ... 3,, 8,1 p,.,^!,. 



e Live 



d CIin:ub Cell 



Gardening Books: 



lim^tt*^ 


p" 


no Garden 
t 8yd, dot 


upKlteh 
By Tuii 


nOapa«t.:Tl. 


Planis V 
lok Thru, 
wof -Th 
Renl." & 



Fletoher'a (Giles, B.D.) Com- 

nlBta Poems ;^ Chtisfs Victoria iu 

.:hmt"' Triumph over EiMlh. and 
Minor Poetiis. Wilh Menionol-Inlro. 
.luction sod Kola by U.o Rev. A. B. 
Cho^aht.D.D. Cr.avo.dolbbdi.,Sl. 

FonblanquB.—FMthy Lucre: A 
French Literature, History of. 

iir Hemv V*ii Lauh, Comploto in 



asr'lidf 

Qerman Popular Stories. Col- 

TraoslatcdbyEDQjiK Taylor. lidUod. 
wilbaiilDtioiluclion.bTjoHMKusKi-. 
Will) a Illuitratiana on Steel b; 
CBnHOE CllUIlIIUA^K. Sqaiire Hvo, 
cIolhcitrj,(i,ea, gilloUiiia,7l.6X 



^ BOOKS PUBLISHED BY ^| 


^^^^1 Qentleman's Magazine (The) 

^^^^H fop ise«. One Shilling Monthly. A 
^^^H NeoSerislSlory.enlillcd'-Phlllstla," 
^^^^^H by Cecil Pqweh, is nonr sppearinu. 
^^^H "Science Notes," by W. :MAT1-I^:ll 
^^^H Williams, P.R.A.S., and "Tablo 
^^^m Talk," by Si-LVANUS Uxe^tx, arc also 
^^^^K cODtlDued monthty. 
^^^V ■.•Neu>rcttdy.tht.Vi>lim::forJu<.v fo 

^^^H S), 6d.: Caiajo/bituline. Is. each. 


Godwin.— Lives of the (^ec^l^H 
Golden Library, The: ^H 

Square .Onid (Tauchnili sijcj, ctolb^H 

limp, 2a. per volume. ~^H 

SayaPd Taylor's □Iverslona of U^^H 

Echo Club. ^^H 

Bennett's <Di'. W. C.I Ballad Hloto^^l 

Bennett's |Dr. W. C.) Songs l^^l 

Bypon'e Den Juen. ^^| 

Godwin's (William) Lives of C|^^| 

Necromancers. ^^H 

by"7^'sLA. "^'"' "" "°"^H 

Hood's Whims and Oddlt'es. Com- 
plele. All the onginal llluslrations. 
Ipving's (Washington) Tales of a 

iPvlng's (Washington) Tales of tha 

Jesse's lEdwBPd) Scenes and Oc- 
cuttatlons of a Country Ute, 

Lamb'a Essays of Ella. Bolh Scries 
Complete io One VpI. 

Leigh Hunt's Essays: A Tale fur a 
cTiimoey ComaTapd elh« Pieqes 
Wth I^"rsil, «ld Inireduotioe Ty 

Mallopy-a (Sir Thomas) Mort 

Arthur''and of the "k nigh la of Ihe 
Rouad Table. Edited by fl. Moni- 

ODHERIE Ran KINO. 

Pascal's Provincial Letters. A Now 
Tranalalion, willi Historical Inlro- 
ductiouaudNolea.byT.M'Caia.D.D. 

Pope's Poetical Wopka. Complete. 

Re fleet Ion a. With Notes, and in- 

troductory Esjay by Sunm-Beuve. 

St. Pierre's Paul and VIrgloia. and 

The Indian CottaRe. Ediied.wiili 

Shelley's Later Poama: Laon and 

Oytnna, &c. 
Shelley's Posthumous Poemo, tiM 

a hot ley Papers, »c, 
She,ley'..Pro.e^Works.iad«dij.gAj 

Irvyao. &l '^^M 


^^^H Gibbon (Charlee), Novels by : 

^^^^ft Crown Bvo. riolh cilra, 3* M. eich : 
^^^H poEt Svo, iUusttated bdsids, la. each. 
^^^H Robin Cray. 

^^^1 What will the Wopid 

^^^H The Braes of 

^^^H The Flowop of tha Forest. 

^^^B A Heart's Problem. 

^^^1 Crown evn, clolh eiJL, 3^. Gd. <-acb. 
^^^B The Qolden Shaft. 

^^^H. FunoyFreo. Three Vujs,, eroivn Svo. 


^^^H Qltbert (William), Novels by : 

^^^H Posl 8vo. llloanrali^ boards, 2b. escli, 

B^^^ The Wizard of the Mountain. 
■■ JamsB Duke, Costermongep. 

Gil"be'rt~(VV. S.}, Original Plays 

su;7:-:^-£i.z- --'-'■■ 

The FinsT Series eonHins— The 
Wicked World— Pygmalion and Gn- 
lajea— Charily — The PriBcess— The 
Pal«:eofTrud,-Tri^byJury. 

M^^^ hen Hearts— Engaged— SwecLhesria— 
^^^H GreMhen-Dan'rOruce-ToniCobl.- 
^^^M H.M.5. Pinafore-The Sorce>sr-The 
^^^^^H Plrales of Pea^asqe. 


^^^H Glenny— A Year's Work In 

^^^V Qarden and Greenhouse: PraOiul 

^M .K-K.':/™"™'",',?.*;-.; s.s 

^^^H and Frsiue Garden. By GEesi-.E 



CHATTO &- WIND US, PICCADILLY. 



II 



Golden Treasury of Thought, 

The: An Encyclopedia of Quota- 
tions from Writers of all Times and 
Countries. Selected and Edited by 
Theodore Taylor. Crown 8vo, cloth 
gilt and gilt edges, 78. 6d. 

Gordon Gumming (C. F.),Works 

by: 

In the Hebrides. With Autotype Fac- 
simile and numerous full-page Illus- 
trations. Demy 8vo, cloth extra, 
88. 6d. 

In the Himalayas. With numerous 
Illustrations. Demy 8vo, cloth extra, 
88. 6d. IShortly. 

Graham. — The Professor's 

wife : A Storjr. By Leonard Graham. 
Fcap. 8vo, picture cover, Is.; cloth 
extra, 2s. 6d. 

Greeks and Romans, The Life 

of the, Described from Antique Monu- 
ments. By Ernst Guhl and W. 
KoNER. Translated from the Third 
German Edition, and Edited by Dr. 
F. HuEFTER. With 545 Illustrations. 
New and Cheaper Edition, demy 8vo, 
cloth extra, 7s. 6d. 

Greenwood (James),Works by: 

The wilds of London. Crown 8vo, 

cloth extra, 3s. 6d. 
Low- Life Deeps : An Account of the 

Strange Fish to be Found There. 

Crown 8vo, cloth extra, 38. 6d. 

Dick Temple: A Novel. Post 8vo, 
illustrated boards, 2s. 

Guyot.— The Earth and IVIan ; 

or. Physical Geography in its relation 
to the History of Mankind. By 
Arnold Guyot. With Additions by 
Professors Agassiz, Pierce, and Gr.\y; 
12 Maps and Engravings on Steel, 
some Coloured, and copious Index. 
Crown 8vo, cloth extra, gilt, 4s. 6d. 

Hair (The): Its Treatment in 
Health, Weakness, and Disease. 
Translated from the German of Dr. J. 
PiNcus. Crown 8vo, Is. ; cloth, Is. 6d. 

Hake (Dr. Yhomas Gordon), 

Poems by: 
Maiden Ecstasy. Small 4to, cloth 

extra, 8s. 
New Symbois. Crown 8vo, cloth 

extra, Ga. 

Legends of the Morrow. Crown 3vo, 
cloth extra, 68. 

The Serpent Play. Crown 8vo, cloth 
extra, 68. 



Hall.— Sketches of Irish Cha- 

hactep. By Mrs. S. C. Hall. With 
numerous Illustrations on Steel aud 
Wood by Maclise, Gilbert, Harvey, 
and G. Cruirshank. Medium 8vo, 
cloth extra, gilt, 7s. 6d. 



Halliday.— Every-day Papers. 

By Andrew Halliday. Post 8vo, 
illustrated boards, 28. 



Handwriting, The Philosophy 

of. With over loo Facsimiles and Ex- 
planatory Text. By Don Fklix de 
Salamanca. Post 8vo, cloth limp, 
2s. 6d. 

Hanky-Panky: A Collection of 

Very EasyTricks.Very Difficult Tricks, 
White Magic, Sleight of Hand, &c. 
I'Mited by W. H. Crembr. With 2co 
Illustrations. Crown 8vo, cloth extra, 
48. 6d. 



Hardy (Lady Dutfus). — Paul 

Wynter's Sacrifice: A Story. By 
Lady Duffus Hardy. Post 8vo, illust. 
boards, 2s. 



Hardy (Thomas).— Under the 

Greenwood Tree. By Thomas Hakdy, 
Author of " Far from the Madding 
Crowd." Crown 8vo, cloth extra, 
3s. 6d. ; post 8vo, illustrated boards, 
28. 



Haweis (Mrs. H. R.), Works by: 

The Art of Di»ess. With numerous 
Illustrations. Small 8vo, illustrated 
cover, Is. ; cloth limp, Is. 6d. 

The Art of Beauty. New and Cheaper 
Edition. Crown 8vo, cloth extra, 
with Coloured Frontispiece and Il- 
lustrations, 68. 

The Art of Decoration. Square 8vo, 
handsomely bound and profusely 
Illustrated, 103. 6d. 

Chaucer for Children: A Golden 
Key. With Eight Coloured Pictures 
and numerous Woodcuts. New 
Edition, small 4to, cloth extra, 6s. 

{ Chaucer for Schools. Demy 8vo, 
cloth limp, 2s. 6d. 



Haweis (Rev. H. R.). — American 

Humorists. Including Washington 
Irving, Olivkr Wendell Holmes, 
James Russell Lowell, Artrmus 
Ward.Mark Twain, and Bret Hartr. 
By the Rev. H. R, Haweis, M.A, 
Ciown 8vo, cloth extra, 6j. 




N 



Herbert The Paems of Lord 

Herbert at Cherbury. Kdllcd, w[tJi 
Cdi.i.ims, Ccowd'Svo, bound Id iiarcb- 

Harrlck'e (Robert) Heaperldes, 




Hood (Tot 



aod £. C Bmk 



by W. BBtrt- 

»K3. Square 
giU odara, Bt. 

ilJuetr^tcd boards, it. 

Hook's [Theodore) Choice Hu. 

crousAdveatiirea.BonsMols.PunBiitid 
Hosies. Wilh > New Life ot Ihe 

IJjQstia'.idna. Crown Sro, clotb CXIra, 



Horne Orion : An Epic I'oetn. 

in Tlu-M Books. By Richjiko IIm,. 
oiBT HoKKB. Wilh -Phomtmnbic 
I>Dr>rali from ■ Mcdaliloa br Sua- 

HRna. Tenlh Edilimi, crown Sn>. 



^^^^^^ CII.iTTO & WINDUS. PICCADILLY. ti ^^| 


Howell.— Conflicts of Capital 
and Lobour, Historically and Ejo- 
notdically considered ; Being a His- 
tory md Review of the Trado Unions 
of Great Britain, ahowing tbeir Dngm, 

lh*S Pcillioal, Social, EMnomieal, 
and Ind«.ml' Aspects. By G^o.ok 
Howell, Cr. 8vo, clolh eilra. ?>. 61. 

Hugo. — The Hunchback of 

Kotre Dame. By Victor Hvna. 


JefTerles (Richard), Worke by: 

Mature near London. Crown Bvo, 
cfolhe"a,6a. ' ilnihcpr,,^'. 

Jennings (H. J.).— Curioaitles 

ofCfltloHm. ByHENRYj.JeiiBisr.s. 
Post Bvo, clolh limp, 21. Sd, 


Jenninga (Hargpave). — The 

Ro8lopuclan»: Their Rites and Mys- 
teries, With Chapters on the Ancient 

irations, A New Edition, crown ttvo, 
cloth eitra, T«. ed. 

Jerrold (Tom), Works by ; 

The OHrdan that Paid the Rant 
By Ton Jemold. Fcap. 8vo, illna- 

Houaehold Hortlcultufe; A Gossip 
about PiDwers. By Tow and Jane 
JERBOLD. Illustrated. Post Bvo, 
cloth limp, is. Sa. 

Our Kltchnn Garden; The Plants 
wo Grow, and How we Cook Them, 


Hunt—Eaaays by UIgh Hunt. 
A Tale for a Chimney Corner, and 
other Pieces. Wilh Portrail and In- 
traduction by Enuunn Oluer. Po5t 
8vo, cloth limp, 2.. 


Hunt (Mrs. Alfred), Novels by : 

Crown Bvo, clolh cdra. 3«. 61. each ; 
post BvD. illualraled hoards, ta. eath. 

Thorn Icpolt'B Modal. 

The Lsoden Caiket. 


1 n gel ow.— Fated to be Fnee ; A 


Jesse.— Scenes and Ocijupa- 

tlonsofa Country Life. By EuwAao J 


(Hah Wit and Humour, Songs 

of. Collected and Edited by A. Pkbck- 
VAL GsAVLS. Post Hvo, clotb Innp, 


Jones (Wm., F,S.A.), Works by; 

FIneen-RIng Lore; Historical, Lc- 1 

sendary, and Anecdotal. Wiih over 

CPBdulltlea. Paat and Preaant; 1n- 
cludipglhe Sea and Seamen, Minetf , 
Talis mans. Word and Letter Divina 
lion, EiorcisiDg and Blessing ol 

Wilh an EtchedVroiTlispieee. Crown 
Svo, clotb e«tia,7». 61. 
Cwtwnaand Coronatloni; A History 
gf RegaliB in all Times and Coun- 
tries. Wilh One Hundred lllns- 
tralians. Cr. Svo, cloth eilra, 7s. 61. 

Jonaon'8 (Ben) Works. With 

Notes Critical and Eiplanatory, and 

Girroitn. Edited by Colonel Cuh- 
HiHGHAM. Three Vols., crown Svo. 
clolh entra, IBs. i or separately. 6s. each. 

J ose p h u B ,T h e Com p letoWo rks 

of. Translated by Whistoh. Con- 
and Maps, ■clolh'e-.ra, ill, 1*1. 


Irving (Henry).— The Paradox 

of Acting, Translated, wilb Annou- 
lions, from Diderot's " La Paradoie 

Hensy iRviKG. Crown Bvo, in parcb- 

lrvlng(Washington).Wofksby: 

Post 8vo, cloth limp, IB. each. 
Tale* of a Tpavollor. 


James— Confidence : A Novel. 
By Hehhv James. Jun, Crown Svo, 
clolh eilra. 3». Bd. ; post Svo, dlns- 
iraied boards, M. 


for Students. By C-the-wr^A. 

Jay "(Harriett }. Novels byTEach 

crown Hvo, clolh e>lra. 3t. 61. ; or post 

The Dark Colleen. 

Tha Quesn of Connauijbl. 



Kavanagh, — Tho PeaH Foun- 

- in, and mbpf Faio' Stoiisa. liy 



OakihottCaBtle.lNumaapSavanleen 

Lamb (Charles) : 

Mary and ChKHiB Lsmb ; Their 



Ponraii nf the Eisajisi, Ficsiiiiilos 
of tho Title-pages of tho rare FiiBl 
lidilions of Lamb's aod ColeridEc'B 



Lamb's Completi 



:lolh ei 

Poetry for Ohlfdren, and P 
OoFUa. By Chahles Lahr. 
fulJy KeprlDted from unique ci 
Smull Svo, clolh ciltli, Es. 
Ltttlo Eraeyi ; Skelches and CI 
lera. 13;C.i*bles Lamb. Sl-I 
from hii Lellun by Pi:,hcv 



Lane's Arabian Nights, itc: 

CQmm™lr™led";Ii Eoeland, "TiiK 



KuwARD WiLLiAH Lane. Ilbslialed 
by manv hundrod Enmvingi on 
Wood, from Orieioal TJeBigua by 
WM.riA.VEi-, ASlewEdElLocfrom 




Leigh (Henry S.), Wor-ks by; 

ILlusiraiiOHS. I'oEt Svo, dolb limp, 
2s. Gd. 
Jeux d'Esnplt. Conecli 
by Ub^kyS.L 
limp, Zl. Gd. 



Posiavo,claili 



J by StAKLBir 

l0lhciln,6l. I 





ra, Tl. 6d. 
Longfbllaw'B PoetlcBl Work& Care- 
fully Reprinli^d from the Oiigiiial 
Edilinas. Wilh DmnEmus fine n\i,s- 



8iad (The) of Cb 

[ranslaled inlo Easliah S 



Evu, Illuslrawd boards, !>. 

Macdonell. — Quaker Cousins: 

A Navel. By Aones Macdonell. 
Crown Svo, cfoth fi.tra.3s. Sd.; poal 



Plates, clothbcirda. 181. 

McCarthy (Justin,~M>.).Work8 




clDtb limp, IB, Get, 

MacliB6Portrait-0allery(The) 

of ILIUstPloua Literapy Chapaotera: 



Macquold (Mre.}, Works by : 
In tho ArdennsB, Wilhjo liae lllua- 
iralions by Tho««s R. Macouoid. 
Square Svd, clolh eitra, 103. Bd. 

mnndy and BWttany. Witb nucaer- 
mis Illusiraiions b, Thom« K. 

10s. id." ' ' 



llluslralkins bv T, R. Macq 
Squiirc Bvo.glolb i^ttrn, Ts. Sd. 
>out Yorkthlre With bj lib 



Tiled boards, Is. 



Magician's Own Book (The): 

i><:[lormiincE3 with Cupa and Ballj, 
Kbes, Hats, Handkerqliiefs, So. Ali 
from Bclual Experience. Entlcd by 



ing Animals, St Wilh Coloured 
FroEIispiece and many llluslralioDS. 
Crown ivQ ,clplhe!.tra. 48,6a, 

Magna Charta. An exact Fac- 

3 feel bv i feet, niUl ArmE and Seals 
Kmblaionod in Cold and Colauis. 
P riEH 6», 

Mallock (W.H.}, Works by: 

Hooso. PoalBifO.clqtliTiinp.BiM.i 
Cheap Edilion, ill usual od boards, 21. 



CniRhls of Ilie Round Tabli!. 

J, MoSIOQKEKlE RAKtiHC. 



le), Novele by: 

■a, 33.6a. each M>t, 



Marryat(Flor 

p<15lBVi),'illl.B 

open ! Saaan 



P09t 8vD,i]lnBtiiiIcd boards.Sa eacb. 
A HarvBBt of Wild Otit>. 
A Little Stepson. 
FIgHtIng tna A lp. 

Masterman, — Half a Dozen 

UI.X. Pmi 'bvo,' illuslValcdTJoanls, 2*. 



Mafk Twain, Works by: 



eloih eiira, ?i. fld. Cheap 
illuBIrated boards, U. 
An IdleExauralon.andetber: 



A Tramp Abroad. Wlih3i4lllns 



illuslraled board!, U. 
Life on the MISBlMlppl. Wilhut 
- -einaJ lllus' ' 




» Republlo. By W. II. Mal^ 
Puck on PegaiuB. By H.Cmoluokue- 

PegasuB Rs-Saddlad. By H, Citdl- 
u.iSDELiiv- Pen HELL. llluBlralcd by 
George DuMAiTiilEn. 

Musea of Msy^rp. Edited by IL. 

Thoreaii : H s Life and Aims. By 

H. A. Pag^. 
Pjnlsna. Bf the Han. Hugh Rowlkv, 
More Punlana. By the Hon. Hueii 

The Philosophy of Handwriting. By 



Book. By Br. AsuaEiv Wilson. 

Medicine, Family.— One Thou- 

wlms flnd Surgicil 

'. Adult Life. Mictdlc 

Royal' College 'ot 

ll.Tc'in'l'hria^M'r" °°' "^ " ' 

Merry CfTOie (The) ; A Book of 

mrnls. By Cuba Beli.ew. With 

',«^ ^B^H].Hu^l'tttm''^sJl^c<"d I Middl^m^fJ^l. NovelTbyr 

'--- hi LEiiers by pEKti F112- l Touch and Go. Ciowq 8yo, dloih 

LB. ' I extfa,3B.aa,; postSvo, illust, bds., !a. 

il AnwdoteB. ByJicoBLAH- | Mr.PQrIlllon. Poal8vD,illu3t.bda.,is. 

'', H„. . „ I I Miller. — Physiology for the 

.s1.i""f llitlSl anTMcu 01 foum; or, The House of Life: Hu. 

ByJ,coBL«Bwooii. '"^b''p''™'™'i™'of'He°Srh'"'F''' 

i-lDBl Aneodotes. By Jacob ■ ,'°E^n Cl""'a™'™Pop.ilaT RMdiii" 

LABHooB. WiIhniim=rori5lllu!tmtLona. By Mrs, 

Carols of Coekayna. By Kbskv S. f, Fkmwick Miller. Smjil Svo, clolli 

Leigh. limii, a. 81. 

■"'"iGi^'"""' ^'^""' '■>'"*''"' ^- Milton (J.L), Works by: " 

Ti-ue History of JobHos Davidson. ''^sti"u^*ifu!M°'{J?fhl'!lran»Beni«fi'rf 

By E. LvNS LIKIOK, , ,1^^ gy^. ^,j,|, Din,„[ons^fo, Ke,, 

■■■ neu. By li. : cloih Biiiii, i>, 63. 

Tha Bath In Dlseaasa of the Sklr. 
d PlayepB. By Kuiii:i>t I Small Uvo. U. ; clath cilt:t, iB, Bd, 

The Lawa of LIftoiiod their Rslmi'D 



Poetleal Ingenuities and Eccent' 



Wicked World— ^umalion anJ 
Gsialoa-Charity — ThB Princess— 
The PaJflCe of Troth— Trial hy J ury, 
Oplglnul Play* by W. 5. Gilbbht, 
Skkohb Seoies. Contflining: Uroken 
Hearls-EimaEed- Sweethearts- 
Grotcheo— Dan I Druce— Tom Cohh 
— H.M.S. Pinafnre — The Sorcti.r , 
—The Pirates of Penzance. 1 

cSTecledandEdilcdbyA.PEBCc-vAu , 

Animals and their MaBteri. By Sir 

Arthl-h Helps. 
Social Pressure. By Sir A. Hi^li-s. 
Cuploaltlea of Criticism. By Henkv 

J. JEMHINSS. 

The Autocrat oft he Broakftut-Tablo. 

Hy OLIVIK WENIffiLL HoLUEB. 11- 

luslrated by J. Gobudn Tiiou-^on, 




By I 



to Uise 



l.ll, Sf, 



BOOKS PUBLISHED BY 

-The Abdication ; 
ios Ail. Ad Hislorical 

V. D. ScOTT-MoHCRtKH . 

itohmgsbyJoHNPETi.i:. 



Mucfay (D. Christie), Novels 



Worth Italian Foik. By Mrs. 
C0HIS5 Cahh. lllnsl. bj Rakdolhi 
C*l.DFXOTT. Squad' IJTO, clotfa silia, 



Number Nip ^Stories about), 

ReiDl/ far i 



.. I A Dog of 
; Signs. 



I A VlllnQe 
' BlinW. 



Blmbl: I 

PrtncBss Nopraxlno. TLtec Vols., 



lib gill, ciimaiaBn ed(d 



WlB 


nri 


"C 






PMhOB. 






























lii 


""" 
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CHATTO &• WINDUS. PICCADILLY. 



Payn (James), Novels by. 

Crown Syo, clotn cTtra, Si. 81 racb ; 
pusi Bvc, illustrated Iwards,!! ™cli. 
LoEt Sfr MaaBinsbopd. 



By Proxy. I High Spirit*. 

UndBrOneRoof. I Caffyon's Voar. 
AConndentlnl Agont. 



PI rkla^-Tr-ooping with Crows; 

A Story. By CsTHiiEr.E Ptmis. Feop. 

Pianche (J. R.), Works by: 

Tho CyclopiBdiB. of CnBtumB; or, 

A nicfcnatv of Dress— Regal, Ec- 

cle5la5tical,6vil.»ndMiIitary-ftnni 

I tho Eailiesl Period in England la ll.B 

ReienofGcorftB the Third. Includ- 

Ilw Principal Countries of Euiope. 

profusely iiluatraled'wilii Cnlouteif 
and Plain Plates and Woodcuts, 
e^ 7s, Tho Vols- may also be bad 
icparaldy {each complclo in Itself) 
at £3 130. Gd. each : Vnl. I. The 

DlCTIQHAIir. Vol. II. A GaNF.KAl. 

HiiiToay OF CosruMKis EuitofE. 

Tbo Pupsuivant of Arms ; ai, Her- 

ColouradFrimliapicco and am IllU6- 



Pennell (H. Cholmondeley], 

Worha by ! Post Bvo, doth Ui — 

2s. ei. BiCh. 
PucNonPegaaua. With Illnsrrations 
The Mums or Mayfalr. Vers dc 

notitft*. Selected and Udiled by H. 

C. PtKHILL. 

Pegasus Rfl-Sadd led. With Ten fall, 
pjga lllusi t. by G. Du Mauwch. 

Phelps.— Beyond the Gates. 

ily EUE,MII1TII StUJLHT PliELPt. 

■ -^lorofThe Gates Ajar," Cto*n 
dolbeitrB.ll.ea JuMahtttit 
iai anoHstiKKil wUh HuAMhat, 
CePyrigM in Englimd and I'M 



Tb. Sd. 
Uaught'o 



itb at 



; Sayings and Doings 
hasdsQuiDly lu-lnlEd in 



Play-timt 

ColDurBL6_ 

Plutarch's Lives of iliustfious 

Men. Translated froin Ibe Greek, 
Willi Notes Critical and Historical, and 
a Life of Plutarch, byjoHS and 

SvD, cloth eiira, with Fartraiis, lOi. Sd! 

Poe (EiJgar Allan) :^ 



1i. Gd. 
The t^ystery of Maria RoSal. nnit 
nihor Sirvries. Po-st Std, il^straled 

Pope's Poetical Works. Com- 
pile <n Onn Volume. Poll Sro, cloth 
limp, 2b. 




£SS- 



I, 3b. ea. ; [Kilt Svo, 



Proctor {RIchd. A.), Worke by ; 



eilra, ta. ed, 
E*»i star Leeaon*. 
tor EvaiT Nighl id 
>ni!S o( the Cor 



.Sva,dDiheitni,e 
InnmtleiiASerii 






It P/PBmldi 



Pyrotechnist's Treasury (The): 
Of, Coinplole Atl of Making Firemoiki, 
Uy Thomas Kentish. Wilt Dnmeroiis 
IJlusIratioDB. Cr. Bvo, cl. ellr^ la. SO. 



laud bi C,,B. PiT««s. < 



cDied Chan ol 



I Handbook (The) of 



-A Ministry of 

her Pjpors. Bt Br 



Reade (Charles, D.C.L.). Novels^ 

each i or crown Svo, dolL ei 




Ridden (Mrs. J. H.), Novels by: 

Crnwn Svo, doth eitrs. 3s. fid. uch : 

Hep Mother's Durling. 

The Pr lncaofWa le«' »Gard en Paity. 




CHATTO &■ WIKDUS. PICCADILLY. 



n (F. W.], Novels by; 



The Poots- Birds. Ciatta Svo, clalh 

eilra, Ts. ti.. 
Ths Poets' B«asts, Ciown Svo, cLoLli 

(.itra, 7b. Gd. f^Iiipriparaliox. 

Robineon Crusoe: A beautifol 
repTDducUan of Major's Editian. «i1h 
37 Woodouls and 'Two Sleel Plalci by 

■ "■-,, clolb dilta. T«. & too 

" wSh TnSm" proofs of^l'bc 



LaigB-Pa 



lUasi 



fiochefoucauld 


s Max)n 


„ 


nnrt 
























hT 





















Russell {Clark).— Round the 



Sa.la.-~G as light and Daylight. 



Sanson. — Seven Generations 



Saunders {John), Novels by; 

I Cronn Hvo, clolli et^rt. 3s. U. escB ; 

I poBl Svo, illLi.'^tijifd board^^, 33. eacb. 

L Bound to tne wneoi. 

^^^^■^ Quy WatBrmnn. 
^^^KThB Lion In the 



Science Gossip: An Illustrated 
Mediom of Inlcrchange fm Studcnti 
Bod Lovora of Nalure. Ediled by J. E. 
Taylor, F.L.S.,&c. Devoted W Geo- 
iQSy, Botany, Pliy5iolo«y, Cbemistryi 
Zoology, MLeroscopy. Toleseopy, Pby- 
sioerapliy, &<:, Ptf/atd. Mooi% :.or 

Ori^nal Uluslratod Arliclos by Ibo 



Laree space is devolcd lo SciEDtiSc 
■■ Noles and QiietiES." Ilius enahling 
every lover ornatute to chronicle his 



HiEtoryoflheadvaocemenlofNatuTal 
Nu™£ "onuini » Mouied Plale 
XIV. may be had at 1l. M. eadi'^ and 



a. 4l. Sd. ei 

Seopet Out: Oi 
Icks with Caids, ai 



By Tho-j 
ous Illustr 



krt of MakioB Fir6«ork>. 
iKebtibh. Wilhnuiner- 



HankyPanky: Very Ealy Tricks, 
Very Difficult Triclii. Wblte Magic, 
Sleikht of Hand. Eillled by W. H. 



IlTustmto^s 
Maglaian'a Ov 



nd Balls, Eesi, Ha». 
■s, He. All from aclual 
Edited by W. H. C«t- 



BOOKS PUBLISHED BY 





Staunton. — Laws and Practice 
of CheM; Together with an Analysis 
al Ihe Openinga, and a Trenlisa on 
End Games. By Howabd St.mikton. 

EdflBdbyROBSBTB.WORMALD. New 

Edition, imaLl ar. Bvo, tlolU eilra, Sa. 

n Knife; 

iiTAGE STEKN- 
a.Sa.Sd.^past 
Svo, HI ual ruled boards, 33. 

Steveneon ( R. Lou Is), Wor-ka by ; 

Trnvels with a Donkey In the 
CavenniM. FranlispiecubyWALiEti 
Cbahi:. Postavo.dDttiliaip.Zs.Gct. 

An Inland Voyags. With a Fronlia- 



.,7b.Gi1. 

Swifts Choice WopkB, i 



(Algofnon C), 



—A Levantine Family. 






Stories from Forslgn Novel- 

l*U. WilbNolicosoftheirLivesaod 
Wriilngs. ByHKLEK and AucaZm- 

MMNJ and a I'rooti.pioM. Crown 
Bto clolli »lra, 31. U. 



of tha Sprlnitldes. 
Si. 
<> In Song. Crown S 



BOOKS FVBUSHZD BY 



Wife, Wild Ihe whole of RowUKD- 
and a Life of Ibe Author by I, C. 

HOTTEK. Mcd[dlllSTO.r1.CIUa.rH.ed. 



Two Vol!., crown Bvo^clolh oiira, 163. 

Taylor (Or.) The Sagacity 

and Morality of Plants: A Skclch 
u( Ihij LKii aoJ Conducl ot the Vege- 
lahle Kingdam. By J. E. Tavlou, 
K.J,.S.. Sc. With Coloured Frontis- 

<: I m heiira . 7a . M . _| ' 

Taylor's (Bayard) Dlveralons 



nd XSw'Aca.' 



Orieinaf Drawings. Crown Svo, cl. 
Old StorloH Ra-told. PdsI Svo, ell 



TImba (John), Works by: 

The History of Cluba and Club L 
In London. Willi Anecdotu ot 



Wi/e," "Anno Holefo." " Mot and 

Passion." Ooe Vol., crown ttvccJoih 

eilra.Il.Ba. 

'. ' The Pia; B nuji also be bad lepa- 

ThackePByana; Notes and Anec- 
dotes. Illustratsd by Hundreds of 
Skelcbes br Wii.liau llMsrEAce 
t<-KEiui, depicilni: Humoians 
,j^^ 1. u;- Scboot-lifB, sod 



Utcldeo 



.«v(ry-day 



?.7B.ed. 



trlcltlBB^ Slories of Wetttb ■ 
Fashinn. Delusion). IiDposlDrH 

and Sporliog Scenes, "— 
Att[sn, Theairical Foil 
I.ellws. Src. Wiihneait„ ..._ 
Ctowo Bvo. cloth eilia. It. Bd. 

Torrens. — The 

Wellesley, Archiicct of EmplR. 
Hulcric fcrirafL By W. ^. ■. 
BESi.M.P Demy Byo, cloth ei««,l 
TrMjIlope (Anthony), Novelst 
Crown Bvo, cloth cilra, 3l. U. an 

Tha American SenatOft 
Kept In the Dark. 
Frnu Fro h mi 



lOFay. 



igh-s 



*nd Crii 

CtiNBiHCiMU, ana owjo n 

elaih eilio, giti edgei, It. Si 



,. . _mlly. Cro 
.,. ....a, 31. U. 
idLeaeuers. Crown _ 
cloth una. 3b. Sd. (SJ>« 

Trollopa^ ranees E.), Novels 

Svo. r.lpih ciiu. 3s SO. i pool » 

< M.lbcr> Proereas. Crsw 
...iia.3l.ed. 




illustrated boni 



Vlllarl, 


A Double 


Bondi-- A 


IS, 




ria. ' 


L*R,. Fap. 


Waloott— Ch 


urch 


Work and 






IMIna 




























pandG 


cund- 


lans, 14b. 



irers, FishpoodB, Pish an 
-iUen by leAAK Walton 
■actions bow to Ati(lB for 



Wanderer>'s Library, The: 

Crown 8vo, clotb eitra, 31. Sd. c-ic 



Walfopd (Edw., M.A.j.Worka by : 

The County Famllleaof the United 
Kingdoin. ContAinlng Notices of 
the Uesneal, Birib, Uairiai^e. Eduu< 

llii|uisheil Heads df Fauiiliss. Itieii 

ToiTO and^Joudtry Addresses, Club's, 
&c. Twfnty-foiirtb Annual Edilion, 
(or 168), clolk, foil Rill, 60b, [Skorlly. 
Tha Shilling Peerage (18841. Cod- 
laining an Alpliabciical List of the 
House of Lords, Dales of Crealiod, 



;lolb,ll. Poblisbed anouall]'. 

ie Shilling KniEhtafo (1884). Con- 

ttSihB'oI lEe'lVScd Kia^om'! 
ihoit Biographical Noticea, Dales 
at Creation, Addresies, &c. 51010, 
:1citb. 1>. Published annually. 



{ tie. 



.\sr ■ 



)AM 



■ iiy 



.ohdon. By JAUr.s 

Tunis: Th= Land and the Peoplp. 

By Ibe Chevalier dc Hisse-Wak- 

TKoa. WilbizIlluilraUons. 
The Life and AdventupeeoTei Cheap 

Jttok. fly One of tbo Fiatcmilv. 

Edited by Chabi.is Hindi^v. 
The WopIiI Behind the Soenea. By 



ByCll*ai.E5 HiNDLBV. Willi IIIUSIB. 

The Genial Showman: Lile and Ad- 
voniu.esolArlemusWard. ByE.P 




F 



■. B^HehrtMai 

- —1 Sanson FiOiil) 

{m« to 1U47). EiliiuJ by HehH-i 

Summep Crulalng In the South 

Warner. — A Roundabout Jour 



Wftrranta, Sic. :— 

V/nmnt to Eiecute Charlea I. An 
eaa FacsimiJc, with lbs Fiflr-nine 
Signitnrcs, aod cortespondina Seal b. 
CairfullT printed 00 paper loimilale 
lUeOrle!n^,ilin,byt4ln. Pries Zl. 



10 Exeouto Marj; Quei 
■e of a 1101 
aDrifutlyprintoii 



' imilBle Ibe Oiig 



of the Oriiiml Docuoent in tho 
Hriliab MoMuai, primed on fine 
(iLale paper, nearly 3 feet long by 1 
Ten wide, wllb Ibe Aims nnd Seals 



Gold aud Colours 




Wirilama [W. Mattleu, F-R-A-S-fl 

Wonka by: *" 

Sclanoe Notu. See lb 

Macuikk. 1b. Mod 
Sclanoa In Short Chapti 

A Simple Trvatlsa 



iloib 111 



I, wiib lllus 



Wliaon (Dr. Andrew. F.R.S.E.S 
Works hy: 

haptara on Evolution: A P 
Hi^slory 0/ (he Da.winia. 
■"" • — ■ - Dcv-Blo! 

«a 8tq 

lioni, T«. 60. 
■ Trem K NaturaNst'a Note- 
I. Po5l Svo, clolb limp, 2l. 61 
Time StudiM, chiefly I 




Winter {J. S.), Stories by: 

CrmvnSvo.clDtb eiira. ». 6d. eacli 

post Bvo.lllEistriLed boards 2a. eadi. 
Cavalry LIfS. 
Reglmantal Leeendi. 



Words, Faots, and Phpase&: 

A Dictiona^ of CurloBB, Qtuint, anJ 
Zx>y».KBS. Cr. avo. balf-boand.'iai. 8a 
Wright (Thomsw), Works byi 
Caploatum History of tha Oeopaea. 
(ThaHooMof Hanomr.) Wilb ton 
Pli:tures,CariDiturcs.Si]oibs, Broad- 
sides, Window Pidtnrei, Sc- Ccown 






Llteraturv, 



Yates {Edmund). Novels by : 

The Forlorn Hope. 
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NOVELS BY THE BEST AUTHORS. 

At every Library. 



Princess Napraxine. By Ouida. ' 

Ihree Vols. [Shortly. , 

Dorothy Fopster. By Walter 

Besant. Three Vols. [^Shortly. , 
The New Abelard. By Robkkt Bl- 

CHAMAN. Three Vols. 
Fancy-Frec, &c. By Charles Gideon. 

Three Vols. 
lone. E. Lynn Linton. Three Vols. 
The Way of the World. By D. Chris- . 

TIE Murray. Three Vols. 



Maid of Athens. ByJusTiNMcCARTHY, 
M.P. With 12 Illustrations by Frei>. 
Barnard. Three Vols. 

The Canon's Ward. By James Payn. 
Three Vols. 

A Real Queen. By R. E. Francillon. 
Three Vols. 

A New Collection of Stories by 

Charles Reade. Three Vois. 

[In preparation. 



THE PICCADILLY NOVELS. 

Popular Stories by the Best Authors. Library Editions, many Illustrated, 

crown 8vo, cloth extra, 3s. 6d. each. 



DY MRS. ALEXANDER. 
Maid, Wife, or Widow ? 

BY W, BESANT & JAMES RICE. 
Ready-Money Mortiboy. 
My Little GIpI. ■ 
The Case of Mr. Lucraft. 
This Son of Vulcan. 
With Harp and Crown. 
The Golden Butterfly. 
By Cella's Arbour. 
The Monks of Thelema. 
Twas In Trafalgar's Bay. 
The Seamy Side. 
The Ten Years'JTenant. 
The Chaplain of the Fleet. 

BY WALTER BESANT. 
All Sorts and Conditions of Men. 
The Captains' Room. 

BY ROBERT BUCHANAN. 
A Child of Nature. 
God and the Man. 
The Shadow"of the Sword. 
The Martyrdom of Madeline. 
Love Me for Ever. 

BY MRS. H. LOVETT CAMERON. 
Deceivers Ever. 
Juliet's Guardian. 



BY MORTIMER COLLINS. 
Sweet Anne Page. 
Transmigration. 
From Midnight to Midnight. 

MORTIMER & FRANCES COLLINS, 
Blacksmith and Scholar. 
The Village Comedy. 
You Play me False. 

BY WILKIE COLLINS. 



Antonlna. 
Basil. 

Hide and Seek. 
The Dead Secret. 
Queen of Hearts. 
My Miscellanies. 
Woman in White. 
The Moonstone. 
Man and Wife. 
Poor Miss Finch. 
Miss or Mrs. ? 



New Magdalen. 
The Frozen Deep. 
The Law and the 

Lady. 
TheTwo Destinies 
Haunted Hotel 
The Fallen Leaves 
Jezobel'sDaughter 
The Black Roba. 
Heart and Science 



BY BUTTON COOK. 
Paul Foster's Daughter 

BY WILLIAM CYPLES. 
Hearts of Gold. 

BY JAMES DE MILLE. 
A Castle in Spain. 

BY J. LEITH DERWENT 
Our Lady of Tears, j Circo's Lovers. 
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BOOKS PUBLISHED BY 



Cheap Popular Novels, continued— 
BY ROBERT BUCHANAN. 

The Shadow of the Sword. 

A Child of Nature. 

God and the Man. 

The Martyrdom of Madeline. 

Love Me for Ever. 

BY MRS. BURNETT. 

Surly Tim. 

BY AfRS. LOVETT CAMERON. 

Deceivers Ever. | Juliet's Guardian. 
BY MACLAREN COBBAN. 

The Cure of Souls. 

BY C. ALLSTON COLLINS. 

The Bar Sinister. 

BY WILKIE COLLINS. 
Antonlna. , Miss or Mrs. ? 

Basil. I The New Magda- 

Hidc and Seek. { Icn. 
The Dead Secret, i The Frozen Deep. 
Queen of Hearts. I Law and the Lady. 
My Miscellanies. ! ThijTwo Destinies 
Woman In White, i Haunted Hotel. 
The Moonstone. . The Fallen Leaves. 
Man and Wife. Jezebel'sDaughter 
Poor Miss Finch. : The Black Robe. 
JSV MORTIMER COLLINS. 

Sweet Anne Page. 

Transmigration. 

From Midnight to Midnight. 

A Fight with Fortune. 

MORTIMER & FRANCES COLLINS. 
Sweet and Twenty. | Frances. 
Blacksmith and Scholar. 
The Village Comedy. 
You Play me False. 

BY IJi'TTON COOK. 
Leo. I Paul Foster's Daughter. 

BY J. LEITII DERWENT. 
Our Lady of Tears. 

BY CHARLES DICKENS. 
Sketches by Boz. 
The Pickwick Papers. 
Oliver Twist. 
Nicholas NIckleby. 

BY MRS. ANNIE EDWARDKS. 
A Point of Honour. | Archie Lovcll. 

BY M. BETHAM-EDWARDS. 
Felicia. | Kitty. 

;;r edward eggleston. 

Roxy. 



Cheap Popular Novels, continued-^ 
BY PERCY FITZGERALD. 
Bella Donna. | Never Forgotten. 
The Second Mrs. Tlilotson. 
Polly. 

Seventy-flve Brooke Street. 
BY ALBANY DE FONBLANQUE. 
Filthy Lucre. 

BY R. E. FRANCILLON. 
Olympia. | Queen Cophotua. 

One by One. 
Prefaced by Sir H, BARTLE FRERE. 
Pandurang Hari. 

BY MAIN FRISWELL. 
One of Two. 

BY EDWAik) GARRETT. 
The Capel Girls. 

BY CHARLES GIBBON. 



Queen of the Mea- 
dow. 

In Pastures Green 

The Flower of the 
Forest. 

A Heart's Problem 

The Braes of Yar- 



row. 



Robin Gray. 

For Lack of Gold. 

What will the 
World Say? 

In Honour Bound. 

The Dead Heart. 

in Love and War. 

For the King. 

BY WILLIAM GILBERT. 
Dr. Austin's Guests. 
The Wizard of the Mountain. 
James Duke. 

BY yAMES GREENWOOD. 
Dick Temple. 

BY ANDREW JIALLIDAY. 
Every-Day Papers. 

BY LADY DUFFUS HARDY. 
Paul Wyntor's Sacrifice. 

BY THOMAS HARDY. 
Under the Greenwood Tree. 
BY JULIAN HAWTHORNE. 
Garth. I Sebastian Strcme 

Elllce Quentin. | Dust. 
Prince Saronl's Wife. 

^y SIR ARTHUR HELPS. 
Ivan de Biron. 

BY TOM HOOD. 
A Golden Heart. 

BY MRS. GEORGE HOOPER. 
The House of Raby. 

BY VICTOR HUGO. 
The Hunchback of Notre Came. 




B¥ JEAN INGELOW. 
d tu be Froo. 
BY HARRIETT 3 A V. 



liY MRS. OLIPHAfi 
WhltcladlcB. 
UY URS. ROBERT O'Rl 



Murphy's Mastei 



BY CEORGF. htACDOyALD. 


A County Fa-nily. 


Mirk Abbey. 




M Hep Mercy. 


<^ot Wooed, b 


homas Wingfold, Cupatc. 


A Woman's Van- 


iC200 Rawnrd. 


BY MRS. MACDONF.U.. 


Ct^cira tIt«i. 




uakep Cousin 1. 


ClyfTopdiofClymi 


We're Palntai 
By Prony. 


Y KATHARINE S. IJACQUOID. 


TliB Family Scape- 


Evil Eya. t l-oat Ro>c, 


Eraca. 








MIEN Splrita, 


BY W. II. MALLOCK. 




Carlyji.'s Year 


ho Now nopubllc. 




'^^Cof'onlla 




Walter's Word. 




n ! SosarxD ! 1 A Little Stepson, 




Some Private 


lu-voBt of Wild FlghtlriE the ftlr. 






flts. 1 Written In Fire. 


H"^moro ^S t* T' 


A Grapo from 


BY J.UASTERUAy., 


f*««."t'"'l""=''''Ha' 




alf a-doien DauaKtspe. 


For Cash Onty, 


nV yEAN SIIDDLEilASS. 


nr EDG.1 


R A. ran. 




Tlie Myelarif of 


Maria fieeet. 





Ci.MP P<,PU..*« Novels, ™..fi-.M«<(- 


BY E. C. FRICIi. 




Valontlna. 


Talea for the Mai-lnes. 


BY CHARLES SEAL-.!'. 


Bl' T. ADOLPHUS TROLLOPE. 






Hard CsBh. 


BY ANTHONY TROLLOPE. 


Pes. Wofflngton. 


The Way We Live Now. 










Put Yourself tn HIb PUcb. 


Marlon Fay. 




Kent In the Dark. 




By FR.4NCESELEAN0R TROLLOPB 


Foul Play. 

The Clolstar andTthe Heartii- 


Line Ships Upon the Sea. 


BY HARK TOTAiN. 


The Coupss of True Love. 


Tom Sawyer. 








A Pleasjro Trip on the Csntlnont 


The Wandorlne Hair. 






A Tramp Abroad. 




The Stolon White Elephant. 




BY SARAH TYTLER. 




What She Came Through. 


Her MotMHp'a Darline- 


The HridB'B Pass. 


Prlnoa of Wales'* GapiJen Parly. 


BY J.S. mNTEr. 


BY F. W. BOBISSOS. 


Cavalry Life. | Begimental Legend* 




BY LADY WOOD. 




Sabine. 


Bl' BAYLE ST.yOHN. 
A Levantine Family. 


Bl' EDMUND Y.iTES. 
Castaway. | The Forlorn Ho-n. 


BY-CEOEGE AUGUSTUS SALA. 


Land at Last. 


Gaillght and DayllBht. 


ANONYMOUS. 


BY JOHN SAUNDERS. 




Bound to the Wheel. 


Why Paul Ferroll Killed hie Wife. 


One Against the World. 


Fcap. Bvo, pEciute coups, Is. eieb. 


Guy Waterman. 


Jeff Bpigga'B Love Story. By Baa 


Two Dreamepe. 


The Twine of Table Mountain. By 


BY ARTHUE SKETCltLliW 




JUL.4nH»WIHOHKE. 


BY T. W. SPEIGHT. 




The Myaterles of Heron Dyke. 


Lindsay's Luck. By the Auibor m 


BY E.A. STEKNDAUi. 


"TtulLssso'Lowrie's." 


The Afgnan Knife. 

BY R. LOUIS STEfENSCS. 


"iSUS'lrtTSiT^Xi;; 


Ne« Arabian NIghte. 


TTOopIng with Crowe. By Mn, 


BY BERTHA THOMAS. 


The Profeseor'a Wife. Uf LlONuM 


Cress Id a. | Ppoud Walalc. 




The Violfn-P layer. 


A Double 8ond. By Lihd* Vn.l-iu 




Esther's Glove. By K. E. TBASclLtcJn 


BY If. MOY THOUAS. 


The Garden that Paid the Rent 


A FlSht for Ufa. 


By T«- lK„<,o,.„. """* 



